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Anywhere, Anytime. 


And we mean anywhere. Heart Interface offers 
an integrated system that includes an inverter/char- 
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Heart Interface Remote Control or LINK Battery 
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Effective Solar Products - Louisiana 
Toll Free: 888-824-0090 

Phone: 504-537-0090 

E-mail: esp@effectivesolar.com 
Internet: www.effectivesolar.com 


American Energy Technologies, Ltd. - Florida 
Toll Free: 800-874-2190 

Phone: 904-781-7000 

E-Mail: Solardell@aol.com 


Dankoff Solar Products - New Mexico 
Toll Free: 888-396-661 1 

Phone: 505-473-3800 

E-mail: pumps@danksolar.com 


Alternative Solar Products - California 
Toll Free: 800-229-7652 

Phone: 909-308-2366 

E-mail: mark@alternativesolar.com 
Internet: www.alternativesolar.com 
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Intermountain Solar Technologies - Utah 
Toll Free: 800-671-0169 

Phone: 801-501-9353 

E-mail: utahsolar@aol.com 

Internet: www.intermountainsolar.com 


Talmage Solar Engineering - Maine 
Toll Free: 888-967-5945 

Phone: 207-967-5945 

E-mail: tse@talmagesolar.com 
Internet: www.talmagesolar.com 


ENGI 


» Yow ANE TR s 


CANADA: 


OLUTIO: 


NEERE! 


Powersource Energy Systems - 
British Columbia 

Toll Free: 888-544-2115 

Phone: 250-544-2115 

E-mail: powersource@vwv.com 


Internet: www.powersourceenergy. 


Solar Solutions - Manitoba 
Toll Free: 800-285-7652 
Phone: 204-632-5554 

E-mail: solar@solarsolutions.ca 
Internet: www.solarsolutions.ca 
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Powersource Energy Systems - Alberta 
Toll Free: 888-544-2115 

Phone: 403-291-9039 

E-mail: info@powersourceenergy.com 
Internet: www.powersourceenergy.com 


Trans-Canada Energie - Quebec 
Toll Free: 800-661-3330 

Phone: 450-348-2370 

E-mail: rozonbatteries@yahoo.com 
Internet: www.worldbatteries.com 


TWO SEAS 


METALWORKS 


Powersource Energy Systems - Ontario 
Toll Free: 888-544-2115 

E-mail: info@powersourceenergy.com 
Internet: www.powersourceenergy.com 
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RENEWABLE ENERGY PRODUCTS 


Southwest 


Windpower now 
has a greater 
range of wind 
turbines for home, 
marine or 
commercial 
applications. 


Redefining how the world looks 
at wind, the AIR wind module 
provides a new level of 
affordable power that is easy to 
install. Available in 3 models, 
the AIR provides over 400 watts 
of power in the harshest 
environments and is backed up 


by a 3 year warranty. 


For larger power requirements, 
the Whisper H40 and H80 
provide up to 1500 watts of 
power and are covered by a 2 
year warranty. With up to 3000 
watts of power, the Whisper 
175 can provide power to the 
most demanding users, even at 


low wind speeds. 


A Charge Controller comes 
standard with all our wind 


turbines at no additional cost. 


No matter how much power you 
need, Southwest Windpower has 


a solution for you. 


wind. 
module 


The innovative AIR wind module 
is a reliable addition to any battery 
charging system. 


40 KwH/mo. at 12 mph (5.4 m/s)** 
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The AIR marine 

incorporates marine 

grade hardware to $845* 
ensure performance in 

corrosive environments. 


The AIR Industrial is 
designed to survive the 
harshest mountain-top 
and offshore sites. 


$995* 


~ H40 
=. 
an economical choice for 


The Whisper H40 is 

higher output in medium to 

high sustained wind. 

140 KwH/mo. at 12 mph (5.4 m/s)** 


m 


$2790" $1495 
When wind speeds are low, the 
Whisper 80 delivers up to twice 
the power of the H40. Water 
pumping version also available. 


140 KwH/mo. at 
JUST 9.5 mph (4.3 m/s)** 
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For maximum output in any wind, the 
Whisper 175 yields enough power for 
almost any application. 


600 KwH/mo. at 12 mph 
(5.4 m/s)** 


$4995* 


** Annual average wind speed at 30’ above sea level 


for only $1495 
iN 


Southwest Windpower has re-engineered 
the powerful Whisper H40 for greater 
performance and reliability. Output is now 
boosted to 1,500 watts of power for less 
than $1.00 per watt. 


>» New neodymium brushless alternator 
» Unprecedented value at $1,495* 
> Quietest wind turbine in its class: 


¢ Blade-slowing register load when 
batteries are charged - a standard 
feature 


¢ Computer designed “whisper” quiet 
composite blades 


¢ Patented Side Furling Angle Governor 


> Available NOW through your favorite 
home-town dealer 


» External Charge Controller included 
>» Maintenance free operation 


$2799 


Enter to win a new H80 (1000 wait) wind 
turbine. To enter and for contest details, contact 
us or visit our website at www.windenergy.com. 


C.,, thinack lA Fir ‘ 
IQUENWESE VYING 
Renewable Energy Made Simple 


Contest ends November 30, 2000. No purchase necessary to enter. Limited to one entry per 
household or business. Other restrictions apply. Void where prohibited by law. 


* Manufacturers suggested retail price 2131 N. First Street * Flagstaff, Arizona 86004 USA 
Tel 520-779-9463 © Fax 520-779-1485 
www.windenergy.com ¢* E-mail info@windenergy.com 
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electric vehicle for a while. 
Now the time has come to 
get some of that mobile 
energy from renewable 
sources. 3,360 watts of PV 
mounted on his home get 
things going. 
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had figured out how things 
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system covers our DC 
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us to test 12 volt system 
components and products. 
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of producing a magazine—especially or i 
bucks the entrenched traditions of an energy 
squandering, money oriented society. Then we get 
feedback from some reader that reinforces our reasons, 
and rejuvenates our spirits, for action. It makes us feel 
like part of the solution again, rather than part of the 
problem. 


S ometimes we get burned out on the daunt 


¥ > . 
’ ‘.. That’s easy for us to say—we work in a field that 
24 is, by definition, part of the solution. But within 

Le that field is a diversity of people, skills, and 

8, tasks. I, for example, am neither an energy activist, nor an RE 
wrench. | am a graphic artist who could just as easily be 

contributing to the sale of some McProduct in my quest for a 

steady paycheck. 


For some reason, the decision to abandon my “part of the 
problem” lifestyle and apply my skills toward a meaningful 
end seemed tough at the time. It is easy for us to feel 
financially, socially, and emotionally trapped in our current 
situations. The status quo, like crabs in a bucket, holds on to 
those who try to climb out. Now | realize that fear was the 
only obstacle—my work is interesting, meaningful, inspiring, 
and | get paid too—sounds easy, doesn’t it? 


We can’t all be Julia Butterflys, Ralph Naders, or Zack de la 
Rochas. Working for Home Power leaves me little time to fight 
for old growth forests, indigenous peoples’ rights, or other 
issues that | consider important. In fact, the vastness and 
diversity of worthy causes can overwhelm us idealists to the 
point of nonaction. How do we direct our life, and work, in a 
positive direction? 


1. Identify your skill. I’m just a graphic artist. There are 
millions of people like me with skills independent of any final 
purpose. Secretaries and ditch diggers, blue collar and white, 
degree holders and just smiling faces are all valuable 
somewhere in the scheme. If we have to go to work anyway, 
we might as well perform our daily tasks in the name of our 
moral beliefs. In fact, within the “movements” toward positive 
change, good help is in demand. Whatever you do, you’re 
needed. 


2. Pick a cause. Choosing one good purpose to work for puts 
us on the contributing side of social change—as “part of the 
solution.” It doesn’t have to be our final purpose, just 
something that is important to us now. Our investment in that 
purpose creates momentum. Suddenly, we are proactive, and 
surrounded by other proactive people. Momentum increases 
as if by gravity—we fall into positive change. It’s as if 
everybody around us wants to help us succeed. The growth of 
the RE industry is a good example. It becomes more than just a 
good cause—it becomes a good investment, a good career. 


They say that nature fills a vacuum. Well, there are holes in 
nature that need filling. If we open our talents to fill nature’s 
needs, we'll find that we are practically sucked into noble 
endeavors. Instead of fighting our way to the top, we can 
merely float downstream to exactly where we want to be—and 
do good in the process. 


—Ben Root, worker bee / activist 
for the Home Power crew 
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“Think about it...” 


Tam I plus my 
surroundings, and if 
I do not preserve the latter, 
I do not preserve myself. 
-Jose Ortega Y Gasset 


NOMAD 300 


Portable Solar Power 
System Built in AC and DC 
outlets provide power for 
lights, stereos, cell phones, 
TV/VCRs, blenders, electric 
fans, power drills, laptops 
and more-anywhere on the 
property! 


Four Easy Ways to 
Recharge Use the NOMAD 
solar panel to recharge 
from the sun, or recharge 
from utility power, your 
vehicle or generator. 


A Great Introduction to 
Solar Power Everything 
you need to start producing SPeniwarirecwan 
electricity from the sun is foal PAC = 
included. 


Reliable Complete 
electronic protection 
features and easy to 
understand indicator lights. 


Accessories Included 
Vehicle jump-start cables, 
wall charger, 12 volt car 
charging adapter and 
more! 


Visit our website or call us toll free for information about 
great new products from SolarSense.com, including solar 
battery charging kits and DC to AC inverter systems. 


Toll Free 1-877-797-6527 


Local 604-656-2131 GSotarsense.com 


www.solarsense.com The Power of the Sun Within Reach 
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The Beckett home and car—integrating solar power throughout. 


enewable energy is something Railroads. The train went around our very large lawn, 


: with three creek crossings and lots of twists and turns. 
that is not understood by most There was a ridable engine, and three flat cars. Each 


people. If you want to buck the flat car was designed to hold either two people sitting or 
trend, you either have to be willing to pris ving cown: 
take the plunge blindly or educate Eee 


yourself enough to feel secure in what Fc a hae 4 
you are doing. > 

Tinkering Genes 

| was very fortunate to grow up in a family that was very 
forward thinking. My father was an electrical engineer, 
and liked to use his engineering skills at home, too. My 
grandfather was also a tinkerer, and enjoyed being the 
first with new technology. | enjoyed watching their 
excitement and joy, which was generated by these 
passions. 


My first experience with electric vehicles was a ridable 
train on our property in Marin County, north of San 
Francisco Bay. The project was a community effort, but 
started with a vision my father had and developed. He 
did it right, with all the appropriate fanfare, including 
recognition of our train by the Northwestern Pacific 
Railroad Company and the Texas and New Orleans 
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But what made this early experience 
even more interesting, as | look 
back on it now, was that this train 
was battery powered. There were 
small motors on each of four drive 
wheels on the engine. | learned as a 
boy how to top off a flooded battery, 
which | am doing again now with my 
electric car. | am also reminded of 
the times my mother was upset with 
me because of the holes in my 
pants caused by the acid | rubbed 
on them. Some things never 
change—_| still have work pants with 
battery acid holes in them... 


The southeast sub-array peeks through the trees. 


This was my first introduction to an 

electric vehicle, and to the notoriety of being the first to 
use new technology. What a rush! At just six, to be the 
hit of the neighborhood was a major deal. Keep in mind, 
this was in 1954. Even the early adopters didn’t get into 
electric vehicles until the gas crunch in the 1970s. In 
the ‘50s, if you had a ridable train, it was gasoline 
powered, and most likely 2-cycle with an oil mix (a big 
polluter). Later, we moved to Palo Alto and left the train 
behind, but my knowledge of what was possible had 
been changed forever. 


Electric Vehicle 

Almost forty years later, the opportunity to purchase an 
electric vehicle came up. Since I’d had this great 
upbringing, and always knew that | wanted to drive an 
electric car, there was very little holding me back. In 
between my childhood experience and my present EV, | 
had a variety of contacts with electric vehicles. | test 
drove Electric Auto Association members’ cars, 
including EV evangelist Bruce Parmenter’s Blazer. | 
decided that my next car would be electric, but it had to 
be able to get me roundtrip to both the San Francisco 
and San Jose airports. This was the longest trip my 
second car would ever need to do. 


| saw a posting from Bruce about about six vehicles that 
were being sold off by U.S. Electricar in Sebastopol. | 
asked them about the 1992 S-10 Blazer they had listed. 
They said, “Well, this was converted for Robin Williams’ 
wife. We have had it around here for two years, since 
she traded it in for a smaller car.” It had 7,000 (all 
electric) miles on it, and was two years old. They only 
wanted US$15,000, and | had heard from others that 
this vehicle was in very good condition. 


My wife and | scheduled a driving trip to see the car. It 
was great looking! We both took it out for a spin and it 
seemed to drive well, although the steering was not 
easy. It had a manual steering box, and the car is 4,700 


Home Power #78 ¢ August / September 2000 


pounds (2,100 kg), so it was a little hard to manage. But 
we had spent a number of years driving a 1958 220S 
Mercedes, which was 3,500 pounds (1,600 kg) and had 
manual steering, so this really didn’t bother us much. 


| wrote the check for the car, and a week later it was 
delivered to my house. It has twenty T-145 Trojan 
batteries configured for 120 VDC, an Auburn C600 
controller, and a 9.25 inch, 28 hp Advanced D.C. motor. 
Since we bought it, | have added a new controller, put 
in a DC to DC converter for the 12 V system, and 
added power steering. Top speed is 65 mph (105 kph), 
and it will go from 0 to 60 mph (0-97 kph) in less than a 
minute. | get a 35 to 60 mile (55-100 km) range, and 
over the last 5+ years, we’ve driven the car 40,000 
miles (64,000 km). 


Since we got the Blazer, | have been working to 
promote the use of electric cars. I’m currently the 
president of the Silicon Valley chapter of the Electric 
Auto Association. My political connections with the city 
of Palo Alto have given me a lot of press locally on the 
car, and on EVs in general. | am usually contacted if 
anyone needs electric cars for events. 


Under the hood of the electric Chevy Blazer. 


PV &EV 


SEP irl 


The Trace PP-SW4048/S Power Panel. 


The Big Step to Renewable Energy 

My next big step was to exercise my environmental 
interest, and charge my car—as well as power my 
house—with a renewable energy’ source. 
Environmentally speaking, this was not a difficult next 
step. But with electricity prices at 6.5 cents a kilowatt- 
hour, it was one that was very hard to justify financially. 


The city of Palo Alto has had its own utility department 
since the early 1900s, and prices are half that of other 
cities in the San Francisco Bay area. It was very difficult 
to consider buying a system that could not possibly pay 
for itself for more than fifty years. But beginning this 
year, Palo Alto began to offer a PV Partners program, 
which covers about half the cost of a complete PV 
system. The subsidy is US$4 per watt, or $6 for 
demonstration systems. Although | applied to be a 
demonstration site, mine was not one of the five sites 
that were picked. Still, | did move forward with my 
installation as | was approved for PV Partners’ US$4 
per watt subsidy. 
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My contractor was Marianne Walpert of Pacific Solar in 
Redwood City, who | have known for years because of 
our mutual interest in electric cars. She came out and 
measured the space, and developed a proposal based 
on the maximum roof area available. | expanded this a 
bit by asking her to allow the corners of the panels to 
protrude over the ridges of my roof. The final system 
includes 3,360 rated watts of PV. 


Most homes in Palo Alto face at an angle to the north, 
so they have a southeast and southwest exposure to 
the sun. | have panels on both roof faces, with most of 
them on the southeast. There are lots of trees in Palo 
Alto, but these have little effect at the beginning and 
end of the day during the summer. They are more of a 
problem during November and December. 


Power Use 

My average usage is about 32 KWH per day. Charging 
the electric car uses about 10 KWH per day, and the 
remaining 22 is used by my household loads. The 


Outside—the utility KWH meter and lockout. 
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PV & EV 


Photovoltaic Array: 
Twenty-eight AstroPower AP1206 
120 watt modules 


PV Combiner: 
Seven 10 amp 
fuses 


Will Beckett's PV System 


Charge 
Controllers: 
Two Trace C-40s 


To / From Utility: : 
240 VAC in One oan 
120 VAC out Speties 

AC Sub-Panel: plus 200 amp GFI 
120 VAC 
KWH Meter: (el to critical loads 


Q @ Bi-directional 
O 
—— 


To Intertie Inverter: 
60 amp breaker 


an LTA] 
—_ TH 
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AC Mains Panel: 
240 VAC service 
with common 


Ground 


system also includes a Trace 4048 inverter with a 
battery backup system. | used sealed batteries so | 
don’t need to worry about the holes in my pants from 
the acid. We have four Concorde batteries, rated at 255 
amp-hours each. 


This system is tied to circuits that are most needed 
during a power outage (which happens very 
infrequently). These include kitchen lights and plugs, 
and my computer, of course. | wired the house so that 
one of the circuits carried at least one light in each 
room. It is either a closet light or the main ceiling light. 
The computer room and the family room (with TV and 
VCR) are on one circuit. The other backup circuits are 
in the kitchen, plus the freezer in the garage. 


Intertie Inverter: 
Trace SW4048, 4 KW sine wave 


Batteries: 
Four Concorde sealed lead-acid batteries, 
wired for 255 amp-hours at 48 volts DC 


(te ® 
= a 
DC Disconnect: 


Trace DC 250 
250 amp breaker 


L 


Trace SW 4048 a 


Ground 


| replaced all my light bulbs years ago with energy- 
saving fluorescents. Still there are many power-hungry 
appliances in my home, including a pool pump, forced 
air heater (gas) with a fan motor, refrigerator, freezer, 
electric range, microwave, computer, fax/printer, 
shop/garden tools, and of course the electric vehicle. | 
also have an electric rototiller, which | use in the spring 
on weekends. | built it myself from an engineless front- 
end tiller over twenty years ago. 


To make this tiller, | mounted a 1.5 hp, 220 VAC motor 
to a salvaged tiller, and played with the pulley until | had 
it going at the right speed. People who have watched 
me use it are really surprised that all they hear is the 
noise of the tiller action and not the motor. Since | am a 
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PV &EV 


Installer Perspective 


When we went to do the site survey at the Beckett 
home, we saw that it was not an ideal site. We were 
concerned, since they have a wood shake roof with 
many different planes, a solar hot water system, and 
some shading from trees. We gave Will the options on 
the layout, and he decided to put as many panels on his 
roof as possible. This worked out to be 28 of the 
AstroPower 120 W modules. 


These AstroPower modules have a 120 W 
manufacturer’s rating, but the California Energy 
Commission rating is only 107 watts—a more real-world 
rating. Also, the system output is not DC, but rather AC, 
so the inverter inefficiency must be included to get a 
realistic rating on the system. The Trace SW4048 
inverter has a peak efficiency of 95 percent. The rating 
for the Beckett system is 2,846 watts, or 2.8 KW AC (28 
modules x 107 watts DC x 95% = 2,846 watts AC). 
These calculations were necessary to figure out the 
subsidy from the city of Palo Alto. 


But people care about how much overall energy their 
system will produce more than the peak power output. 
We estimate the energy output using an annual average 
output of 5 KWH per day for each AC KW of a system. 
Thus we would expect the annual average energy 
produced per day on Will's system to be 14 KWH per 
day (2.8 KW x 5 hours). This represents slightly less 
than half of their average use. 


The other thing we always spend time explaining is the 
battery backup option. This is one of the selling points 
for many people, since it really is nice to know that you 
can still provide power to your home when grid power is 
down. The inverter has two separate outputs. One 
connects to the grid, while the other connects to a 
separate circuit breaker panel for the backup circuits. 


We usually recommend that people select four to six 
circuits to back up. These might include some house 
lighting, the refrigerator, computers, heater fan, or 
whatever seems important to the homeowner. We make 
it clear to customers that the backup system is limited by 
the size of their battery bank and the amount of sun 
there is during a power outage. 


While the backup power feature is nice, we find that 
most of our customers are purchasing solar electric 
systems because they care about the environment. And 
with a twenty year warranty on the solar panels, it’s 
likely that a system will eventually pay for itself. 
Distributed generation helps everyone by minimizing the 
energy wasted in sending power hundreds of miles 
through wires to get to the end user. Owning your own 
solar-electric generation capacity is the cleanest, 
greenest option for electricity supply. 


-Marianne Walpert, Pacific Solar Company 


14 


morning person, it is great to be able to work early in 
the day and not disturb the neighbors. 


The Work Begins 

| expected the PV system to be installed while | was on 
a two-week vacation in August, but permission from the 
city was a long time coming. This was the first system 
to be approved under the new PV Partners program, 
and very few people in the building department 
understood the components. When | returned from 
vacation, | found that no work had been done. But 
shortly after | returned, the permit was issued and work 
began. 


The electrician spent a lot of time working on my 
electrical box—he wanted to make it just right. | already 
had a Trace modified sine wave inverter for backup 
power, so we had the emergency circuits broken out. 
My whole setup was outside the garage on the wall, 
and we moved the emergency breaker box inside and 
above the Trace panel. The Trace panel fit perfectly on 
the garage wall after | trimmed back my overhanging 
shelves. 


The conduit up to the PV panels on the roof goes 
through the garage wall and then up the roof. We felt 
better about running it through the eave than over all 
the electrical boxes in the garage. This was also much 
easier to do. The conduit then runs over the garage roof 
to my second story wall, and up the wall and through 
the eave again to the second story roof, where the 
southeast panels are. 


The panels were the last thing to be done. A very big 
crane was used to raise the four panel units from the 
street straight up and over the power and telephone 
wires to the two workers on the roof. They locked the 
units in place, and the lift was completed in about an 
hour. The workers spent the rest of the afternoon 
connecting things up and completing the fuse 
connections below. 


At the same time, the electrician cleaned up some of 
my electric vehicle wiring by running the conduit to the 
meter inside the garage. This is for the plug (220 VAC 
NEMA 14-50) that | have out on the street on my fence. 
He also put in a NEMA 6-20 220 VAC plug for when | 
use my tiller in the front yard. 


The work was completed quickly, and soon it was time 
for our first inspection. A building inspector came over 
and started to review the items he would need to 
inspect, and determined that utilities needed to be there 
first. So after another week, we were able to arrange to 
have a meeting of utility and city inspectors at the site 
to review the process and complete the inspection. This 
went well, and no changes were required. 
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Description | US$ 
28 AstroPower AP 1206 modules, 120 W | $14,000 
Installation labor _ 5,000 
Trace PP-SW4048/S Power Panel 3,535 
Sales tax 1,700 
4 Concorde 255 AH sealed batteries 1,596 
Misc. hardware, conduit, wire, fittings, etc. 1,500 | 
Supports & roof attachments for modules 1,000 
Delivery & freight __ 1,000 
2 Trace C-40 controllers w/ temp. sensors | 330 | 
Lockable, visible disconnect | 330 
200 A ground fault protection, 2 array pole | 300 | 
Battery cables & hardware | 200 
Pacific Solar fuse box 150 
Boxes & breakers for C-40s | 120 


Total $30,761 | 


Watching the Meter Going Backwards 

As soon as we connected the array, | unplugged the 
refrigerator so we could immediately watch the meter 
go backwards. These days, | see it going backwards 
starting at about 9:30 AM each day, and until the pool 
pump comes on at 1 PM. We get very little fog in Palo 
Alto. On cloudy days, some energy will still be 
generated unless it is raining. There is still a lot of light 
with cloud cover, so we will always get a few amps. In 
December, the peak was about 11 amps, but now | 
have seen it as high as 18 amps when it is really bright. 


We did some testing of the battery backup system and 
checked to make sure that the required cut-off switch 
worked correctly, and then the final inspection was 
signed off. When utility power goes down due to storms 
or overuse in the summer, we often don’t notice it. The 
fact that only some circuits are on the backup system 
gives me a Clue, but this can also be confusing. My wife 
once called me at work to ask why the lights wouldn’t 
work in one of the rooms. She was in the kitchen when 
the power went out and didn’t know it. The clock on the 
microwave doesn’t skip a beat—it’s great! 


| spent the first few months recording the electrical use, 
separating the electric vehicle charging from the power 
use of the house. | have a separate meter to indicate 
the power used by my car. The total grid use during the 
winter was about 20 KWH per day, which indicated to 
me that the new system was covering at least the car 
charging. 


| had a pleasant surprise recently when all but one 
member of the family were away on vacation. | took a 
reading before leaving and just after we returned, and 
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found that there was a net gain of 32 KWH after five 
days. Now that the angle of the sun is higher and the 
days are longer, | can see how much more energy is 
being generated. My average house-only use from the 
grid has been about 14 KWH per day this spring. 


Solar DHW Too 

About fifteen years ago, the city of Palo Alto had a 
program to help purchase solar hot water systems. All 
these systems are starting to fail now, and one half of 
my system had to be disconnected this year. | originally 
had two 32 gallon (120 I) tanks in the peak of my attic. 
The panels are near the eave and the pipe runs “uphill” 
to the tanks. It wasn’t plumbed correctly the first time, 
and the water wouldn’t move. They came back and 
replumbed, and it finally did start to work correctly. 


The two storage tanks feed a 60 gallon (230 |) gas 
water heater on the first floor of the house. On most 
sunny days, the temperature going into the water 
heater is about 120°F (49°C) or higher. Even now with 
only half a system, | still get the 120°+. But we don’t 
have as much solar hot water, since it’s now only 32 
gallons (120 |). 


| will soon be replacing this with a system that has the 
storage in the panel. This new system will have one 55 
gallon (210 |) panel to replace my current two panels, 
and will also be passive. It is also an all-copper system, 
so it should last a lot longer. The city of Palo Alto will be 
offering a new incentive program soon, and | hope my 
current panel lasts long enough so that | can take 
advantage of the program. 


An RE Example 

Our house was quickly added to the local RE tour 
circuit, starting with the National Solar Homes tour in 
November of 1999. Lots of people came by the house 
to get a firsthand look. Since the tour, | continue to 
receive requests for tours, and | am always happy to 


Will’s electric tiller—another use for solar in the garden. 
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oblige. Seeing the electric car out front along with the 
solar water and PV system gives a broad view of 
renewable options in one location. Some of the folks 
who have toured our house have installed their own 
systems after seeing our setup. The system is doing all 
that | hoped it would. 


All in all, it has been a very interesting experience, and | 
know it will continue to be a source of pleasure showing 
off the system. | hope it will continue to influence people 
to add RE systems to their homes. As prices continue F 
to drop, and RE education escalates, more and more Morningstar 
people will make the move to cleaner energy. 
four color on negatives 


Access 

Will Beckett, 4189 Baker, Palo Alto, CA 94306 

Phone/Fax: 650-494-6922 « will_beckett @ email.com 3.5 wide 
http://eaasv.org/beckett.htm 4.5 high 


Marianne Walpert, Pacific Solar Company, 1725 E. 
Bayshore Rd., Unit 103, Redwood City, CA 94063 
877-7PACSOL or 650-556-9450 ¢ Fax: 650-556-9451 
mwalpert@ pacificsolar.com * www.pacificsolar.com 


Lindsay Joye, city of Palo Alto Utilities, PV Partners 
program, 250 Hamilton Ave., Palo Alto, CA 
650-329-2241 * Fax: 650-617-3140 

lindsay_joye @city.palo-alto.ca.us * www.cpau.com 


Now Shipping... 
THE NEW S$-460 


¢ Replaces the CH-375 


¢ 460 AH (100 hour rate), 
350 AH (20 hour rate) Surrette Battery 


¢ 1,300 plus cycles at 50% DOD cower 
¢ Enhanced grid design 
¢ Increased active material density 


¢ Available wet or dry charged 


¢ 7 year warranty 


800-68 1-9914 


sales@rollsbattery.com 
Battery Engineering 


1 6 Home Power #78 ¢ August / September 2000 


SIEMENS 


Get the power you ost 
need with Siemens Solar ~ 


Whether you're Just 
beginning to use solar : 
electricity, or adding to a system, 
choosing Siemens Solar modules assures you 

of the exceptional performance, precision quality and 
proven reliability that have made Siemens a leader in 
photovoltaic energy. 


Look For This Logo 


Siemens Solar 


PowerPro 


Our exclusive PowerMax technology enables — 
Siemens Solar modules to achieve charging power Dealer Inquiries Invited 
with very little sunlight. This means your system can Applied Power 


operate from earlier to later in the day, generating 
more useable energy, everyday, from every watt of 
solar installed. 


Hitney Solar 
Hutton Communications 
Inter-Island Solar 


Your Siemens Solar PowerPro™ Partner has the poltek 
information, experience and products you need for SunWize 
effective and economical solar power solutions. Talley Communications 


Siemens Solar 
Tel: 1(877) 360-1789 ¢ siemenssolar.com © P.O.B. 6032, Camarillo, CA 93011-6032 


Abundant Technologies... 


4 oc A rq At Kyocera, we’re committed to improving 
U 1 = society — and the environment — 
tht ugh innovative technologies. 

As one example, we’re the first company in America to mass- 
produce ceramic engine parts, which help reduce pollution from 
diesel trucks. Other Kyocera innovations include our microchip 
packages; electronic components; high-efficiency solar cells, 
which convert sunlight into electricity; digital cameras that never 
need film or processing; laser printers that require no disposable cartridges; 

and even the world’s first wireless, handheld video telephone! 


Electronic Components 


’ 


Ecosys Laser Printers 


and Limitless 
Solar, ‘sito Ene rq U 


High-Efficiency Solar Cells 


Innovative Wireless Phones 


Contax & Yashica Cameras 


record, Kyocera is not an 
oil company dabbling in renewable energy. 


We began developing solar technologies in ' They never tire of 
1975. last year, we became the world’s #1 [ h | lc fe ll , playing in the sun! 


producer of solar electric modules. We have Do they realize that 
more than 1,000 solar product dealers it will one day power their world? In many 
worldwide — and capacity to produce 36 applications, it already does. Solar energy. 


megawatts of solar cells per year. ASaresult, When we at Kyocera imagine the nent 
we're helping people to use the sun’s energy = millennium, we see a bountiful future for all 
in applications ranging from lighting systems mankind. With abundant technologies. 


to Wireless telecommunications networks... And limitless energy. Energy so clean and 
remote home electrification... industrial pure, a child can see that it’s good. 
power systems... even Utility Grid Support. isn’t that a bright idea? 


KYOCERd 


Leading the World in Solar Energy 


KYOCERA SOLAR, INC. 
7812 E. Acoma, Scottsdale, AZ 85260 
Tel: 480/948-8003 Fax: 480/483-6431 
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Rooftop Photovoltaic Solar ystem 


new Prowl . BERGEY >< IL. 


uncem 
Anno 1000 Watt Home Wind Turbine 


Features 24 VDC 


® 5-Year Warranty (Industry’s Longest) Battery Charging \ 
j 


® Maintenance Free Design 

® Excellent Low Wind Performance 

® Nearly Silent Operation 

® Three High-Strength PowerFlex 
Fiberglass Blades, SH 3045 Airfoil* 

® Neodymium Super-Magnet Alternator 

® AutoFurl “No Worry” Storm Protection 

® Fail-Safe Design, No Dump Load 
Required for Structural Safety 

® PowerCenter Multi-function Controller 

® OptiCharge Regulation for Extended 
Battery Life 

® Easy Installation with BWC Tilt-up 
Towers 


*Patent Pending 


The all new Bergey XL.1 is the most technically 


advanced small wind turbine ever. It combines $ 1 49 5 
y) 


excellent low wind performance and the 


legendary Bergey ruggedness, at costs well BERGEY « DIRECT 


below the lightweights. It comes from the 


world’s leading supplier of small wind turbines ee Seca 
and is backed by the longest warranty in the Or, Call Toll Free: 
business. The XL.1 delivers on value. 1-888-669-6178 

PowerCenter Controller 
Compare features, performance, price, Complete AC “Plug ¢ 60A Wind Regulator 
reputation, and warranties. The new Bergey & Play” Systems een es 
XL.1 is the clear choice for your home energy from $2,995 * 24 VDC DC Bus 
system. e ¢ Battery Status LEDs 


Typical Performance: 5.2 kWh DC per day 


4 Times More Energy Than the Air 403' 1.5 Times More Energy Than the Whisper 900? 


1—Air is a registered trademark of Southwest Windpower, Inc. 11.2 mph (5 m/s) Average Wind Speed at Hub Height, Rayliegh Distribution. 
2—-Whisper is a registered trademark of World Power Technologies, Inc. Based on manufacturer’s published power curves. 


\ 


/ 


= 2001 PRIESTLEY AVE. 
NORMAN, OK 73069 
T: 405-364-4212 


BERGEY _ F: 405-364-2078 
i J = SALES@BERGEY.COM 
WINDPOWER SIMPLICITY*RELIABILITY*Y PERFORMANCE WWW.BERGEY.coM 


© 1999 Bergey Windpower 


Bie Home 


ie dac 


Bill & Kathleen von Brethorst 


©2000 Bill & Kathleen von — 


ro - ia/, 


e are owners of an alternative © 
Nesey systems company 

located in Ennis, Montana. Over 
the past six years, we have sold or 
installed over 400 sustainable 
projects. As owners of this company, 
we sincerely believe in a lifestyle that 
reduces consumption of both energy 
and natural resources. We strive to 
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While living in Jackson Hole, 
Wyoming in the mid ‘90s, we began 
looking for a permanent home site, 
since we had been leasing 
properties. But like many growing 
western resort areas, rental and 
property prices in Jackson Hole 
were high, and not within our 
budget. We started to look in other 
areas near the Tetons and 
Yellowstone. We eventually found 
the Ennis, Montana area, which 
seemed to offer both affordability 
and abundant sun and wind for our 
energy systems. 


Natural House? 

After finding a 6 acre property, we 
had to decide what type of building to construct. We 
compared the costs of straw bale, standard 
construction, and a wood/stone mix. All of these 
alternatives had some drawbacks, given the nature of 
the area and our proposed time frame for having the 
project completed. With some reservations, we began 
checking into modular or pre-manufactured homes. 


After some searching, we found an 1,800 square foot 
(167 m?) pre-manufactured home. The more we 
learned about pre-manufactured construction, the more 
this option appealed to us. First, though construction is 
similar to a conventional stick-built home, there is about 
40 percent less waste in materials because of the 
factory building methods. Second, we would need no 
permits because it would come already wired as we 
liked and per code, and because we were not 
connecting to the utility grid. 


Finally, we could add on to it at any time due to the 
simplicity of construction, and it was within our budget. 
The land and home deal closed in September of 1998, 
and the move to Ennis took place in mid-December. 
Along with the home, a 1,000 square foot (93 m2) 
warehouse/shop with dual access doors was built, and 
driveways were constructed for business traffic. 


As with most construction projects, the unexpected 
obstacles we ran into only served to add to our wealth 
of experience. In other words—live and learn. For 
instance, the entire property has an abundance of rock, 
with only about 1 to 2 feet (0.3-0.6 m) of topsoil on a 
nearly 190 foot (58 m) cap of basalt, a fact we 
discovered while drilling the well. All piping could only 
be buried a couple of feet deep, with topsoil added to 
bring up the grade. 


The water lines and well pipe needed to be freeze- 
proof. We solved this problem by laying a large PVC 
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The shop and power shed with PV arrays and wind generators visible. 


pipe just below the surface, and burying it with 
additional soil. The water lines were then insulated and 
sleeved through the larger pipes from both the well to 
the power shed, and from the pressure system to the 
house. Since making this adjustment, nothing has 


A 10 by 12 foot greenhouse extends the 
growing season luxuriously. 
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frozen, even in -20°F (-29°C) temperatures. The buried 
water lines are still only about 2 to 3 feet (0.6—1 m) 
below the surface. 


Water System 

As well as the main PV systems, the power shed 
houses water storage tanks and pressure systems for 
both irrigation and supplying water to the main house 
and offices. By housing the electrical and water 
systems in the power shed, we were able to install 
these systems before the house was set up. 


The water system consists of a Solarjack SDS-D-228 
pump located at 190 feet (58 m) in a 267 foot (81 m) 
well. It fills three 165 gallon (625 |) poly storage tanks 
on a 24 hour a day basis. Even though the well will 
produce 15 gallons (57 I) per minute (gpm) with very 
good water, we chose to operate the well at 3/4 gom to 
illustrate how little water is necessary for a home that is 
properly designed. Water conservation was a central 
part of our plan, with 1.6 gallons-per-flush toilets and 
low-flow showers in the home to help save water. 


Two SHURflo 2088 pumps and a 33 gallon pressure 
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We explored the composting toilet option, but since the 
county sanitation department was going to require a 
septic field anyway, standard plumbing seemed more 
reasonable. For pressure, SHURflo model 2088 pumps 
are used in tandem, producing 7 gpm at 45 psi with a 
33 gallon (125 I) pressure tank. The water system has 
performed well, and there haven’t been any problems 
when operating the washer, dishwasher, or other 
appliances. 


Power System 

The main power system has two sets of modules for PV 
input. A Trace SW4024 inverter supplies AC power for 
the home and business. A Zomeworks four-module 
tracker, model UTR-040, holds AstroPower model 1200, 
120 watt panels. Another Zomeworks tracker holds four 
AstroPower 110 watt modules, two of which were 
formerly on the power shed roof. 


A Trace model C40 controller handles all the PV input 
for the 24 volt system. It has recorded over 39,442 
amp-hours between November, 1999 and the end of 
March, 2000. The main battery system in the power 
shed consists of twelve IBE industrial 2 V battery cells. 
They are rated at 738 amp-hours at a 20-hour rate in a 
24 VDC configuration. All of these components are 
packaged as a power system in a self-contained, 
portable enclosure including batteries, inverter, 
controller, and fans. This same self-contained system 
was originally a grid-connected system in Jackson 
Hole, and is the prototype of the power package we 
manufacture and sell. 


Shop System 

A small portable system is located in the 
shop/warehouse. It contains a Trace SW2512 inverter, 
a Trace C30-A controller, and eight Surrette/Rolls 350 
amp-hour 6 V batteries. This system powers the shop, 
our Buderus boiler, and an auxiliary Vestfrost 
refrigerator, in addition to lights, tools, and temperature 
sensors and controls for the heating system. This shop 
system includes three fixed-mounted 110 watt 
AstroPower panels and an Air 403 wind generator, all 
operating at 12 VDC. This is one of the few 12 VDC 
systems we have installed. We normally do not 
recommend 12 VDC systems, mostly because they 
don’t allow as much room for expansion. We also feel 
that 12 VDC systems are not efficient enough for a 
large home. Since many of our systems are 2.5 KW 
and larger, we do not often recommend using 12 VDC. 


The backup charging source for both systems is a 
Kohler LP generator rated for 7.6 KW at our altitude of 
5,200 feet (1,585 m). It provides two 120 VAC charging 
circuits, with one of the Trace inverters on each leg of 
the output. Since there are two battery banks, 
absorption time is critical to keep the generator 


Home Power #78 ¢ August / September 2000 


Four AstroPower 110 watt PV modules on a Zomeworks 
tracker contribute to the main 24 volt system. 


charging on both systems at the same rate. If one 
inverter were to go to float before the other, the 
generator load would be unbalanced, which is not good 
for any generator. 


My main concern for this part of our system is generator 
life. By gauging the absorption time on each unit, | can 
keep both legs loaded to about 60 percent until | am 
through charging. The 12 VDC system actually has the 
same watt-hour capacity of the 24 VDC system. It 
normally takes just about as long to charge the 12 VDC 
system as it does the 24 VDC system, even though the 
12 VDC system has over 1,400 amp-hours of storage. 


The 12 VDC system charges slowly due to the lower 
charging capacity of the Trace SW2512. But the main 
house 24 VDC system has a heavier demand, so it 
sees lower cell voltage before charging. It generally 
requires the same amount of charging time with the 
relatively higher charge capacity of the SW4024 
inverter. When setting up systems, the overall charge 
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time becomes an issue, and requires some real 
thought. This generator has had about 690 hours of 
service from December, 1998 through April, 2000. 


Wind Systems 

Our wind systems have changed over time. We started 
out with a Southwest Windpower Air 303. It had to be 
replaced because of the high winds here, which left us 
with ruined bearings and no wind power. We then 
installed a Windseeker 503 and have had this unit 
running since last July. It is mounted on a 26 foot (8 m) 
tilt-up tower, with guy wires as well as a bracket to the 
back of the power shed. The tower is made of 2 inch 
schedule 40 steel pipe, and has a hinged base for tilting 
down. 


The tower location is the highest point on the property. 
We regularly have winds from 26 to 40+ mph (11-18 
m/s), and have recorded gusts of over 60 mph (27 m/s) 
many times. A few times this last winter, we recorded 
gusts of 80+ mph (36 m/s), with sustained winds of 60 
mph (27 m/s). The Windseeker 503 has worked very 
well, with an average estimated output of about 100 
amp-hours per day. This machine is just a demo. We 
will probably sell it later and try something else. The 
next unit will most likely be a Bergey 1500 24 VDC unit. 
We also now have an Air 403 tied through a simple 30 
amp disconnect to the shop system. 


Loads 

The main house AC loads were selected for load 
efficiency. They include lighting, a vacuum cleaner, 
Frigidaire Gallery washer and dryer, Maytag 
dishwasher, microwave, toaster oven, coffee maker, TV, 


The power package includes Trace inverter, charge 
controller, fusing, and battery box all in one. 
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PV & Wind 
Hybrid System 


Shop Photovoltaic Array: 
Three AstroPower 110 watt PV panels wired for 330 watts at 12 VDC 


(12 Volt) 


Wind Generator: 


Breakers: 
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AC Load Panel: 
Six breakers 


Southwest Windpower Air 403 


400 watts at 12 VDC Two 40 amp 


Charge Controller: 


Trace C30-A 


KOHLER 
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Inverter: 
Trace SW2512 


Internal Combustion Generator: 
Kohler RMY propane-powered, 
8.5 KW at 120 VAC 


stereo, and satellite dish. Office loads include phones, 
fax, computers, a scanner, inkjet printer, and copier, 
among other things. 


The DC well pump, which draws 2.8 amps 24 hours a 
day, is included in the house 24 VDC system. So are 
the two pressure pumps, which draw 6.8 amps total 
when running. We have found this DC pumping system 
to be both energy efficient and trouble-free. The DC 
Solarjack well pump has been operating steadily for 14 
months, 24 hours a day. 


The normal daily load for this system as read on our 
Trace meter is 101 to 121 amp-hours, or about 2.4 
kilowatt-hours daily. A typical renewable energy home 
should use 2 to 4 kilowatt-hours or less per day. This 
reduces the cost of the PV/wind system or AC 
generator to support the daily loads placed on the 
storage batteries. Reducing the load reduces the 
overall system costs dramatically. 


Hot Water 

Our home is heated with hot water using a propane- 
fired Buderus boiler. It is rated at 74,000 BTU input, and 
burns 0.7 gallons (2.6 |) of propane per hour when 
operating. It heats a mixture of water and antifreeze. 
This heating medium is distributed by a small Grundfos 
1/25 hp AC pump. A grid of 180 feet (55 m) of 3/4 inch 
PEX pipe under the floor in the crawl space distributes 
the heat throughout the house. 


TETETN UMUUUE GUUTNN CETUNNOOEE QODTNENONT 
Trace 2.5 Kilowatt | 


2,500 watts at 120 VAC 


“. 
_. = 
i 
Fuse: oN ; 
300 Amp — al 
Class T “. 
ry 
o> 
To 120 VAC 
Batteries: shop loads 
Eight Surrette 6 volt lead-acid batteries 
1,700 amp-hours at 12 VDC 
To 24 VDC 
system 


Each radiator is tapped off this main trunk line using 
what is called the “reverse-return” method. One pipe 
carrying heated supply water is routed in one direction 
around the perimeter, while the return line is routed in 
the opposite direction. This system of piping allows for 
equal flow through any of the Buderus radiators 
mounted throughout the home. 


Each radiator has its own thermostatically controlled 
valve that varies the amount of heat radiated, thus each 
room is self-zoned. This zoning makes the system easy 
to use and comfortable, without much in the way of 
electronics. We have recently installed a LongBurn 
cordwood-fired tank water heater to supplement our 
heating. This product is a small woodburning hot water 
tank, which we have connected to the feedwater return 
line from our radiator loop. It pre-heats the return water 
before it enters the boiler. This has saved us about 25 
hours per week of boiler run time. 


We estimate that this unit will pay for itself in about a 
year. We do have to devote some time to stoking it, but 
it will burn for up to four hours giving about 120 to 
150°F (49-66°C) water during this time. We sell and 
install Buderus radiant heating systems as well as 
these wood boilers, which are made by Hot Products in 
Eureka, California. 


Our domestic hot water is presently heated by a 40 
gallon (150 1!) propane-fired tank heater, which came 
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PV Sub-Array: 
Four AstroPower 1100, 
110 watt PV modules, 
440 watts at 24 VDC 


Breakers: 
Two 40 amp 
| 

vw’ || 
, THI 
A FA | HHI 
- WH 

anal 

Plug ’n play — | ' 


AC Load Panel: 
Six breakers 


Trace Meter 


Amp-Hour Meter: 
Trace Meter 


To 120 VAC 
house and office loads 


with the home. We plan to replace this with a Takagi 
instantaneous heater when this tank heater quits doing 
the job, or if propane prices rise. 


Sustainability 

Most of the appliances and devices required for a 
renewable energy home are in use in our house. In an 
effort to make sure these appliances are both safe and 
reliable, we are using them ourselves before including 
them in our product line. These products include low 
energy refrigeration, low energy ceiling fans to 
distribute heat, low energy compact fluorescent and 
halogen lighting, double-pane low-E windows, and 
insulated doors, among others. 


PV Sub-Array: 
Four AstroPower 1200, 


it 
120 watt PV modules, 
PSN MAPS Soveane czas: (24 Volt) 


TL 
Trace 4.0 Kilowatt a) 


Inverter: 
Trace SW4024, 4,000 watts at 120 VAC 


AS 


Solar & Wind 


The 

von Brethorsts’ 
PV & Wind 
Hybrid System 


Wind Generator: 
Southwest Windpower 
Windseeker 500, 
500 watts at 24 VDC 


teal f ral 


, Lightning Arrestor 
Array - 


Combiner ro 
Box 


h\-————+——J Le Charge Controller: 
] ™M SS Trace C40 
ee i ee Breakers: 
Two 40 amp 
Equipment 
grounds not 


shown 


Main Disconnect: 


Trace DC250, 250 amp breaker 


Batteries: 
Twelve IBE 2 volt lead-acid cells, 738 amp-hours at 24 VDC 


We have also grown a portion of our own food in a 10 
by 12 foot (3 x 3.7 m) greenhouse that we purchased 
from Gardener’s Supply. The greenhouse has been in 
use for just under a year. It was only heated in the early 
spring and late fall, producing a crop of herbs, peppers, 
and more tomatoes than we knew what to do with. It 
requires very little extra heat input due to the type of 
glazing used. It is frequently 40°F (22°C) warmer than 
the outside temperature during the night after the sun 
heats it during the day. We heat it with an auxiliary 
catalytic propane heater when needed. 


The greenhouse foundation is made of 7 by 7 inch (18 x 
18 cm) timbers treated with an environmentally benign 
water-resistant solution. Then 1 inch (25 mm) thick 
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Solar & Wind 


An individual thermostat controls each Buderus radiator. 


insulation was placed in the interior 
floor area. Eight inches (20 cm) of 
sand with brick pavers tops the 
insulation. This tends to soak up 
heat during the day and release it at 
night. The greenhouse kit comes 
with solar-thermal operated vents. 
There are also two 55 gallon (210 1) 
water tanks painted black at the rear 
to soak up more heat during the 
day. These can also be shielded to 
provide some cooling during the 
summer. 


We made another innovation in our 
water system. This is a dry climate, 
and both we and the local wildlife 
need water. The overflow from the 
well is piped to a set of ponds, 
which in the winter simply collect 
water. In the summer, they supply 
water for irrigation and wildlife. 


Lessons on a Budget 
The main thing we should have 


26 


done differently is to spend more time on site 
overseeing the construction. It is important to be 
available on site for questions that inevitably arise 
during projects. Lack of communication with contractors 
is responsible for most mix-ups or problems in any 
construction project. 


We completed the deck, shop interior, walkways, and 
most trim and landscaping ourselves, taking about eight 
months to do so. Our budget was a major factor in the 
decisions we made about the home location and 
projects. We had hoped to create a home that was low 
cost and low impact, using as few non-renewable 
resources as possible. It may not be possible to 
recreate this exact scenario everywhere. But 
experience has shown us that these systems can be 
implemented nearly anywhere, subject to local codes, 
land use restrictions, and such. 


If you are considering purchasing a pre-manufactured 
or modular home, be sure to work as closely with the 
seller as possible. Make sure that all details are 
covered as to the interior and appliances you want, the 
actual setup of the home, and the final checklist and 
completion details. This will save you some headaches 
later. 


One of the best things to come from this experience is 
our commitment to reduce greenhouse gases, provide 
green space combined with water conservation, and set 
an example for others. We live very normal lives with a 
very extraordinary combination of renewable energy 
and low impact lifestyle. Anyone can do this. 


A Buderus boiler (right) provides hot water for space heating. 
A Hot Products wood-fired boiler (left) preheats the water. 
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The von Brethorst System Costs 
Main house power package system 


Cost (US$) 

Trace SW4024 inverter, 12 IBE batteries, 
Trace C40 controller, AC & DC disconnects $5,780 
4 AstroPower 120 watt modules 2,396 
2 Zomeworks UTR-040 trackers 1,198 
Windseeker 503 wind generator 998 
4 AstroPower 110 watt modules 1,900 
2 array combiner boxes 190 
Miscellaneous hardware, conduit, & wire 105 
Tower & tower hardware (mostly scavenged) 13 

Total for main system | $12,580 
Shop power package system 
Trace SW2512 inverter, 8 Surrette CH-375 
batteries, Trace C30 controller, AC & DC disconnects $3,600 
3 AstroPower 110 watt modules 1,425 
Air 403 wind generator 499 
Miscellaneous hardware, conduit, & wire 55 
Tower & tower hardware (mostly scavenged) 13 

Total for shop system | $5,592 

Total for both systems | $18,172 


We estimate, based on carbon offset data and using a 
formula to convert BTU and KWH to energy produced 
by coal, that we have prevented about 0.4 tons of coal- 
burning by our local utility. What’s good for Mother 
Earth is good for us. All in all, we have been 
exceedingly pleased with the performance of the home 
and systems. We would do some things differently if 
given the chance, but every project is a learning 
experience, and we love to learn. 


Access 

Bill & Kathleen von Brethorst, Planetary Systems, PO 
Box 340, Ennis, MT 59729 

406-682-5646 « brethors @ 3rivers.net 


Buderus Hydronic Systems, 16 Industrial Way, Salem, 
NH 03079 * 800-283-3787 or 603-898-0505 

Fax: 603-898-1055 * buderus @ix.netcom.com 
www.buderus.net ¢ Boiler 


Gardner’s Supply, 128 Intervale Rd., Burlington, VT 
05401 * 800-863-1700 or 802-863-1700 

Fax: 800-551-6712 or 802-660-4600 
www.gardeners.com * Greenhouse 


Hot Products, Inc., 300 Broadway, Eureka, CA 95501 
800-757-3177 or 707-444-1311 

Fax: 707-444-1380 * mail@hotpro.com 
www.hotpro.com * LongBurn cordwood-fired tank water 
heater 


Solar & Wind 


Industrial Battery Engineering, Inc., 9121 
Degarmo Ave., Sun Valley, CA 91352 
800-653-8889 or 818-767-7067 

Fax: 818-767-7173 ¢ info @ibe-inc.com 
www.ibe-inc.com ¢ Batteries 


Southwest Windpower, 2131 North First St., 
Flagstaff, AZ 86004 * 520-779-9463 

Fax: 520-779-1485 * www.windenergy.com 
info @ windenergy.com ¢ Wind generators 


Trace Engineering, 5916 195th St. NE, 
Arlington, WA 98223 ¢ 360-435-8826 

Fax: 360-435-2229 
inverters @ traceengineering.com 
www.traceengineering.com ¢ Inverters and 
charge controller 


Zomeworks Corp., 1011 Sawmill Rd. NW, 
Albuquerque, NM 87104 ¢ 800-279-6342 or 
505-242-5354 ° Fax: 505-243-5187 
zomework @ zomeworks.com 
www.zomeworks.com ¢ PV trackers re 
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this is hot 


this is cool 


Capture the energy of the sun with Trace’s all new Sun Tie ST2500 
utility interactive PV inverter. The Sun Tie is designed, built and priced 
to make Green Power production easier and simpler than ever before. 
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call us: 
360-435-8826 ext 701 
360-435-2229 fax 


THE POWER COMPANY 


www.traceengineering.com —ggt=|aa= 
° 


Low cost, all-in-one design * Works with any type of PV technology *2.5 kW capacity * Maximum power point tracking 


ee ore 


for Less 


Thinking about an environmentally friendly 
solar dectric system for your home: 


Consider this— Solarex’s new M illennia™ modules generate 
enough electricity in their first year of operation to offset the 
energy used to produce them. 


W hile M illennia is generous in delivering electricity, it’s a miser 
when using scarce resources. In fact, M illennia needs less than 
1% of the silicon required to make equal-output crystalline 
modules. Also, M illennia modules don’t contain potentially 
toxic or scarce materials. 


M illennia by Solarex, the leader in solar electric technology for 
more than 25 years, offers an attractive appearance, greater 
efficiency, better stability than previous generations of thin 
film, as well as a choice of framing options for easy installation. 


M illennia delivers all of this at a lower cost to the environment, 
and what's even better, a lower cost to you. 


M illennia: Proving you can get more for less. 
Contact Solarex today for more information. 


It could take five to ten years for 
comparably rated monocrystal- 
line modules to generate the 
dectricity equal to that used in 
thar production. N ote: C omputer 
simulation showing comparably 
rated monocrystallinesysten 
andits frame 


630 Solarex Court 
Frederick, MD 21703 
| Wl |. Phone: 301-698-4200 


SOLAREX _ttpituwsolarexcom 


7 g001 * > TheNatural Source for Electricity” Info@solarex.com 
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Does the PV industry picture sometimes 
seem a little fuzzy? 
At AstroPower, we see our role very clearly. 

PV is our livelinood, so we concentrate exclusively 
on producing better solar electric power products 
for our customers. Our unique focus 
is the product of the most dedicated and capable team 
in the industry. They work at AstroPower because they 
want to make a difference, and they take pride 
in the company because they all own a part of it. 
When selecting a PV supplier, consider not only the 


products, but also the company behind the products. 


Make your choice count. 


Choose AstroPower. 


a 
ASTROPOWER 


Independent. Clean. Focused. 


www.astropower.com 


Corey Babcock 


©2000 Corey Babcock 
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Have you ever wondered 
what it would be like to work 
on a utility-scale windfarm? 
Large wind gennys have 
intrigued me ever since | got 
started with wind power. 
The huge blades gently 
turning in the wind would 
make almost any 
mechanically or electrically 
oriented person curious 
about the technology. 
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My interest in wind power started out in my early 
teenage years (see HP56, page 32). | was frequently in 
the garage trying to build a new wind genny to put up in 
the backyard. Some of them worked, and some didn't. | 
started playing around with pre-REA machines too. The 
idea of a 75 year old wind generator struck me as 
something special. 


My next big step was to install a whirly bird that was 
intertied with the utility grid. A donated Enertech did the 
job quite nicely (see HP69, page 14). Now I’m spending 
my days working on turbines with blades as long as my 
Enertech’s tower is tall. 


Power in the Air 

If you live near a windfarm, you’ve more than likely had 
the chance to get up close to these monsters and take 
a look for yourself. Today’s utility-scale wind turbines 
are getting bigger and bigger every year. When most 
RE maniacs think of a windfarm, we picture thousands 
of 100 kilowatt turbines spinning away in one of 
California’s mountain passes. Most of those 100 KW 
machines are being replaced with bigger and more 
powerful turbines that are much more reliable and 
efficient. 


All new utility-scale windfarms are also using the latest 
technology to their benefit. The Northern States Power 
(NSP) windfarm in southwest Minnesota is using these 
powerful advancements to harvest the wind. This 
windfarm currently stretches for about 60 miles (100 
km), and has over 400 wind machines. 


Put to Work at Vestas 

| started working with Vestas—American Wind 
Technology, Inc. in November of 1999. Taking this job 
required me to move about 250 miles (400 km) west of 
my hometown in southeast Minnesota. This was a hard 
thing to do. | was moving away from my family and 
friends, which are important parts of my life. But after 
spending years working with small-scale wind machines 
as a hobby, working on a utility-scale windfarm was 
looking pretty cool, so | took the position. 


After getting the job, there were several trips from my 
hometown in southeastern Minnesota to the Lake 
Benton area in southwestern Minnesota to search for a 
place to live. In about a three week period, | went from 
milking cows part time and playing with small wind 
machines, to working full time on 220 foot (67 m) tall 
electronic wind turbines. 


The job includes maintenance, troubleshooting, 
traveling, construction, and of course plenty of muscle- 
strengthening climbing. For me, the best part is just the 
fact that | soend my days in the middle of a windfarm. A 
wind power nut couldn’t ask for anything more. 


Wind 


The author atop a 600 KW Vestas V-44 in Minnesota. 


The Job 

The Vestas Minnesota crew consists of nine 
employees. Seven of us are service techs, and are 
usually out in the field. Our supervisor and a secretary 
complete the crew. The day starts off by “calling up the 
turbines.” We go to a computer and connect to the 
various sites via telephone, not unlike connecting to the 
internet. 


After the site is called up, we note whether any turbines 
have gone down overnight. If all is well, we head out to 
the site in groups of two or three, and begin scheduled 
maintenance or other work that is needed. If we find a 
problem with a turbine when we are calling them up, we 
either contact the person in charge of the site and help 
get the turbine back online, or we send a couple of 
techs out to resolve the problem. 


Maintenance 

The maintenance end of the job is simply that. You go 
out to the turbine at the scheduled time and service it. 
Bearings get greased, bolts get torqued, and equipment 
is checked. If something is not operating correctly, it is 
either fixed or replaced. Maintenance can get to be 
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| Wind 


Looking out past the nose of a Vestas. 


fairly routine. Some people dread a job that gets to be 
routine, and I’m one of them. The nice part about it is 
that you know exactly what you need to do. But I’d 
rather do different things to break up the day. 


When we start our maintenance procedure, we have 
about an hour of tests to perform on the ground. These 
tests are mostly to insure that the turbine is operating 
properly. In one test, we overspeed the rotor to check 
the controller’s ability to shut the machine down at a 
certain RPM. Another is a test of the pitching of the 
blades. Up top, there are tests of the hydraulic system. 
At certain pressures, certain valves are supposed to 
open or close, and if they don’t do it within the specified 
pressures, the component at fault 
either needs to be replaced or fixed. 
There are usually no problems with 
the components. 


| feel that maintenance is one area 
where small wind machines suffer. 
Sure, the saying goes, “If it ain’t 
broke, don’t fix it,” but maintenance 
usually will prevent something from 
ending up broken. If you don’t 
grease the bearings when they’re 
supposed to be greased, they aren’t 
going to last as long as they should. 
If you don’t check your blade bolts 
to make sure that they’re tight, 
there’s a better chance that your 
machine will throw a blade. My 
Opinion is that the small wind 
industry needs to follow the example 
that the wind farms have set when it 
comes to maintenance. There is no 
such thing as a maintenance-free 
wind turbine. 
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The Turbines 

The Buffalo Ridge windfarm in 
southwestern Minnesota, where | 
have spent most of my time with 
Vestas, has four different makes of 
wind machines. The first to be 
installed were seventy-three 
Kenetech 33M-VS, 400 kilowatt 
turbines. Next were one hundred 
forty-three Zond Z-750, 750 kilowatt 
machines, then another one 
hundred forty-three Zond Z-750s. 
After that, seventeen Vestas V-44, 
600 kilowatt machines were 
installed, followed by eighteen 
Vestas V-47, 660 kilowatt turbines. 


Finally, fifteen 750 kilowatt NEG 
Micon turbines were erected, bringing the Buffalo Ridge 
windfarm to its current capacity of 425 MW. The state 
government mandated this 425 MW of wind power in 
exchange for allowing Northern States Power (NSP) to 
build additional storage of nuclear waste from one of 
their nuke plants. And because wind power is in the 
public interest, there has been a further mandate to 
install an additional 400 MW of wind power in the 
future. 


These babies are all sitting on tubular towers starting at 
120 feet (87 m) tall, and stretching as high as 220 feet 
(67 m). The Vestas machines are on the tallest 
towers—they must have known | need the exercise. 


Watch that first step...220 feet! 
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Climbing a couple of these 22-story 
structures is quite the workout. I’m 
usually out of breath by the time | 
get up there, especially on 
Mondays! 


At the top, the view is magnificent. 
You can see for miles, and the 
ground has never seemed farther 
away. If you’re afraid of heights, you 
might not want this job. | didn’t know 
quite what to think on my first climb. 
Before working for Vestas, the 
tallest tower I’d climbed was 80 feet 
(24 m). After a 220 foot (67 m) 
climb, the 80 foot tower back home 
looks like a stepladder to me. 


Big Generators 

The generators are basically just big 
induction generators with close 
electronic surveillance. The blades 
pitch to keep the rotor at the 
optimum running speed according to 
signals received from various 
sensors, like the anemometer or the 
high-speed shaft sensor. But instead 
of using springs and centrifugal force to control blade 
pitch, as some small wind gennys do, a hydraulic and 
electronic system is used. 


A variable speed machine is a lot easier on the 
components of the turbine. It allows the rotor speed and 
power to rise and fall with wind speed. The same 
happens with a constant speed machine, but a lot more 
stress is put on the mechanical components during high 
winds. To get a variable speed machine, one brand of 
turbine on Buffalo Ridge uses a variable speed 
alternator/generator. The AC from the alternator is 
rectified to DC to be sent down the tower and fed 
through a synchronous inverter to produce grid-quality 
power. 


This is not too much different than some small home- 
scale machines intertied with the grid, but of course 
more electronics are involved here. The upside of this 
machine is the variable speed, which means slightly 
more power. The downside is inverter malfunctions, and 
a more complex machine. 


Most small wind gennys have a set of sliprings to 
transfer the energy from the yawing generator head to 
the stationary tower. The big gennys don’t. The cables 
simply hang down the center of the tower, and are 
allowed to twist up as the generator yaws. There is a 
counter that counts the number of times that the 
machine yaws completely around in one direction. 


Wind 


Even the Vestas V-44s are dwarfed by a 4 megawatt USBR. 


When the controls see that the turbine has yawed 
around two or three more times in one direction than 
the other, it will untwist the cables. This all happens 
automatically, at a time when the winds are low. The 
turbine shuts itself down, yaws around to untwist the 
cables, and then points itself back into the wind before 
it starts up again. 


Troubleshooting & Traveling 

Troubleshooting can be tricky. You have to remember 
that we’re not working with a simplistic old Jacobs. The 
electronics involved are the heart and soul of these 
machines. If something is out of spec, the turbine will 
automatically shut down, or “fault.” When this happens, 
someone needs to go out to the machine, find the 
problem, and if need be, climb the tower to fix it. Some 
faults are fairly simple to troubleshoot, and others can 
take days. 


To me, troubleshooting is tough at times. It’s kind of like 
a new riddle that someone tells you, and it may take 
you a while to search around to get the answer. Once 
you’ve solved the problem, you’re almost guaranteed to 
have learned something new about the turbines. 


We recently had a problem with one turbine going down 
on “feedback-brake.” The turbine was shutting down 
because of a controller-to-component communication 
fault. The controller was not receiving a signal saying 
that the brakes were released. When we got to the 
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Wind 


machine, we immediately started singling out 
components with an electrical schematic of that 
particular system. It turned out to be a loose wire 
connection in the controller. 


Traveling is one of the cool things about the job. | get 
paid to travel around the country. Some may think 
“whooptee doo,” but for a 19 year old, it’s pretty 
awesome. The bad part about it is that there may not 
be a whole lot of notice. | can be sent across the 
country for a few weeks at the snap of my supervisor’s 
fingers. 


So far, I’ve been to the mountains of Wyoming, the 
plains of lowa, the small rolling hills of Nebraska, the 
deserts of Texas, and everywhere in between. | got to 
see antelope and mule deer for my first time in person 
on trips to Wyoming. Texas brought roadrunners, 
snakes, and a tour of Bergey Windpower on the way 
home. lowa and Nebraska always bring back just a 
taste of home—minus the trees! 


Having What It Takes 

A good understanding of mechanical and electrical 
components is very useful in this job. When your 
supervisor tells you to go out and Fluke a component, 
you know that he wants you to ohm through the part 
(checking for proper resistance) to see if it’s good or 
bad, or to see if the connections are live. And when 
your partner asks you to check the torque on a bolt on 
the connecting rod inside the hub, you know what he’s 
talking about. 


I’ve learned a lot since | started working on these 
machines. When | started working at Vestas, | had the 
basics of small wind machines down pat. | have an 
even better understanding of some of the components 
in a small wind turbine after getting into the electronics 
and mechanics on these huge turbines. For example, | 
now realize that an SCR is basically a diode with an 
extra lead to dissipate voltage spikes. | have a better 
understanding of how capacitors energize an induction 
generator. And | realize how just a couple of degrees 
change in blade pitch can create extraordinary 
increases in power. 


Some of the stuff that | learned from working on small 
gennys also applies to these monsters. First off, be 
prepared to get a workout. The climb definitely 
strengthens muscles. Always be on your guard when 
someone is above you, and use common sense when 
someone is below you. 


Safety 

Safety is vital when working around wind turbines. 
Once on site, hardhats are inspected and put on before 
even getting out of the vehicle. The last thing you need 


is to get hit in the head by a piece of ice thrown from a 
blade, or something that someone dropped down the 
tower when you weren't wearing your hardhat. 


Before each climb, we each inspect our safety harness, 
lanyard, and Lad-Saf® for normal wear and tear. A Lad- 
Saf (we say “lad-safe”) is a slider that is attached to a 
cable that runs all the way to the top of the tower. It 
allows you to climb the ladder, and if you slip while 
climbing, it locks onto the cable and prevents a fall. 


Each week, a safety meeting is held at the office. 
Everything from electrical safety to emergency 
situations is covered. At this or any time, anyone can 
address anything that they feel is a safety hazard, or 
something to watch out for that could cause an injury. 


Big or Small? 

I’ve been asked numerous times whether | like working 
on the big machines or the smaller home-scale 
turbines. I’d have to say that | like the small machines 
better, simply because that’s what | started out on. 
Even the most complex home-scale wind generator is 
very basic compared to the monstrous utility-scale 
turbines. 


The same principles are incorporated into both, but with 
the large-scale machines, there is much closer 
surveillance of the various components by the 
controllers. Many variables play a part in how the 
machine is functioning, including wind speed; wind 
direction; ambient, nacelle, generator, gearbox, bearing, 
and hydraulic temperatures; and high and low speed 
shaft RPM. 


The large-scale machines are really cool pieces of 
machinery, and | enjoy working on them. But the small 
home-sized gennys are definitely my passion. The fact 
that | started out with small-scale wind power, the 
simplicity of the systems, and the people that | have 
made friends with all keep me yearning to spend more 
time working with small wind machines. This job is a 
great education and experience, but | don’t think I'll be 
able to stay very far away from the little machines for 
too long. 


Access: 
Corey Babcock, Rt 2 Box 8B, Lewiston, MN 55952 « 
507-523-3266 ¢ Windkid1 @ aol.com 


Vestas—American Wind Technology, Inc., 122 East 
Lincoln St., Tyler, MN 56178 * 507-247-5599 
Fax: 507-247-5170 * www.vestas.com 


Northern States Power (NSP), 414 Nicollet Mall, 
Minneapolis, MN 55401 * 800-895-4999 or 
507-825-5422 « inquire @nspco.com * www.nspco.com 
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* 24V system with nominal 
power output of 1000 to 
2000 watts 

* Active turbine computer 
control through entire flight 
envelope 

e Rated power at less than 


feed YachitOlogy 
Omni Bypass generator 


cooling system 7 3 
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° "ie. = TheAEROMAG LOAD TRANSFER TILT TOWER KITS” 
: Have been designed for greater Safety and ease of 
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Available separately: 
Battery Containment 
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DEALERS WANTED TO JOIN OUR TEAM 


Looking for dealers to join the new team of Applied Power (formerly Alternative 
Energy Engineering, Solar Electric Specialties, Ascension Technologies). We offer: 


> Free tech support > Custom design guides & catalogs 

>» 75 years combined experience > Same day shipping 

> Huge in-stock product line > Training seminars PowerPra 
> COMING SOON: On-line ordering and inventory availability 


APPLIED POWER 
CORPORATION 


Weve Your Resource ‘for Home Power Equipment. 


P.O. Box 339, Redway, CA 95560 « Call: 800-777-6609 * wwwsolarelectric.com 


“When Hurricane Georges 
hit Puerto Rico, Two Seas’ 
mount saved our PV 
system from disaster.” 


- Capt. Denis Martinez, U.S. National Guard 


{98% shipped in 24 hours | 


Mounts that exceed toughest U.S. hurricane codes, * 
backed by our 20-Year warranty. 


Mounts, battery enclosures, and racks available in a wide selection of models to meet any requirement. 


Two Seas Metalworks 


BP SOLAR Willits, CA 95490 USA Wst..c 
ea | 877 952 9523 “TWO S€aSmm— 


www.2seas.com 


*SBC-1606 (110 mph winds). Two Seas mounts rated for 125 mph winds. 


Richard Perez & Joe Spier 


HP’s bathhouse and power room, with all of the 12 volt PV arrays (and some of the 24 volt arrays). 


n the last issue of Home Power, we 

reported on our new 24 volt system. 

This issue’s report is about rebuilding 
our 12 volt system. This system has 
many of the same design details as the 
24 volt system. Perhaps the most novel 
feature of this new 12 volt system is the 
use of a “booster battery” to solve the 
problem of voltage loss in a long 12 volt 
power line. 
Re-Using the Leftovers 
After we had finished pillaging our old 12 volt system to 
build the 24 volt system, we assembled a new 12 volt 
system with the remaining hardware. It became sort of 


a patchwork job, making do with the leftovers. 
Fortunately, there were plenty of leftovers. 


Revamping our systems here at Home Power gave us a 
renewed appreciation of the modular nature of RE 
equipment. We were able to break down our original 
huge 12 volt system, and use the components to make 
two systems—one 24 VDC and the other 12 VDC. 


Though we needed to purchase new inverters and 
batteries for the 24 VDC system, all the major 12 VDC 
components were reused. Nothing was wasted. 


While our 24 volt system currently cycles about 8 KWH 
per day, the 12 volt system cycles only about half this 
amount, 4.7 KWH per day. We mostly use the 12 volt 
system for water pumping and garden irrigation, and to 
energize our 12 volt appliances. 


Photovoltaics 

The PVs in the 12 volt system are a motley assortment 
of modules. We used most of the modules that had 
identical mates for the 24 volt system, and what 
remained were mostly our older modules. 


The 12 volt PVs are divided into three sub-arrays. 12 
VDC sub-array #1 consists of eight Kyocera J-51 
modules mounted on a dual-axis Wattsun tracker. In 
addition, a BP-275, an Arco Super Tri-lam, and a 
Mariposa concentrator are ground-mounted and 
paralleled into the tracked PVs. The combined output of 
12 VDC sub-array #1 is 545 watts. 


Home Power's democracy rack makes up 12 VDC sub- 
array #2. This ground-mounted array is made up of 
eleven modules from nine different PV manufacturers. 
Three ground-mounted Solarex MSX-53s are also 
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paralleled into this array, for a total 
output of 580 watts. 


12 VDC sub-array #3 consists of a 
dual-axis Wattsun tracker with six 
high-voltage, 44-cell Kyocera J-61 
modules. A single Solavolt SV8000 
is paralleled into this array. Total 
output of 12 VDC sub-array #3 is 
310 watts. 


Allin all, there are about 1,400 watts 
of photovoltaic modules in the 12 
volt system. Most of these modules 
are static mounted, so the output is 
significantly less than a largely 
tracked system like our 24 volt 
system. We routinely see around 90 
amperes from this system when the 
sun is shining, and total energy 
production is around 5 KWH per 


day. 12 volt PV sub-array #2: The democracy rack and more, 580 rated watts. 


Each of the three 12 VDC PV arrays has a separate 
#1/0 (53 mm?) copper home run into the power room. 
The longest run is 60 feet (18 m) from array to battery. 
We are starting to build a new addition onto Home 


12 volt PV sub-array #1: 545 rated watts. 
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Power's cabin/office. Afternoon shading from this 
addition will require the ground mounted PVs in 12 VDC 
sub-array #1 to be moved. When these modules are 
relocated, separate home runs will be provided for 
testing small 12 volt charge controllers. 


Controls & Instrumentation 

The various PV arrays are regulated by a single 
Heliotrope CC-120 PV controller. See HP48, page 36 
for a Things that Work! review of this controller. In the 
past, we seasonally adjusted the regulation voltage of 
this controller to reflect changes in battery temperature. 
We would set the controller at 14.9 VDC for winter 
operation and 14.7 VDC for summer operation. Now 
that the 12 volt system battery is housed in the 
hydronically heated battery box, we’ll just leave the 
Heliotrope CC-120 set at 14.7 VDC. 


Instrumentation for the 12 volt system is provided by 
two battery ampere-hour meters. A Cruising Equipment 
Amp-hours +2 meter is located in the Ananda power 
center in the new power room. This two channel amp- 
hour meter measures both net battery current and 
voltage, and total PV current and voltage. A Cruising 
Equipment E-Meter is located on the wall in the office. 


Even though we check the instrumentation in the power 
room several times a day, it’s convenient to be able to 
check on system operation without leaving the office. 
Battery ampere-hour meters are essential items for off- 
grid PV systems—without them you are flying blind. 
This is especially true in our case, since we are 
operating two different systems. We need to know 
which system is energy rich, so we can use its energy 


: At 


12 volt PV sub-array #3: 310 rated watts. 


Inverters 

The 12 volt system is currently equipped with three 
inverters. The main inverter is a Statpower PROsine 2.5 
KW, with surge capability to 4 KW, a peak efficiency of 
88 percent, and a maximum total harmonic distortion 
(THD) of 5 percent. See HP69, page 60 for a Things 
that Work! review of this unit. 


The PROsine 2.5 KW inverter is primarily used for 
pumping water from our well with a 1/3 hp submersible 
pump. It also occasionally powers a 1/2 hp centrifugal 
irrigation pump that pressurizes four Rainbird sprinklers 
in the vegetable garden. These two tasks use a 
considerable amount of energy—about 0.7 KWH per 
day in the winter, and over 5 KWH per day during the 
summer months when the garden is green and growing. 


There are two other inverters in the 12 volt system, a 
Statpower PROsine 1000 and an Exeltech XP1100. 
Since we are currently testing the PROsine 1000, it is 
the active smaller inverter, and operates 24 hours a 
day. The PROsine 1000 has a surge rating of 1,500 
watts, a peak efficiency of 89 percent, and a maximum 
THD of 3 percent. The Exeltech XP1100 has a surge 
rating of 2,200 watts, a peak efficiency of 87 percent, 
and a maximum THD of 2 percent. See HP75, page 76 
for a Things that Work! review of this inverter. The 
Exeltech is currently off-line during testing of the 
Statpower 1000. 


We’re using these particular inverters because they 
produce high quality power. Because the output is a 
true sine wave, THD never rises above 3 to 5 percent 
and is typically below 1 percent. Needless to say, all of 
our appliances love this clean power. Big motor loads 
such as the well pump and irrigation pump run cooler 
and more efficiently when powered by the true sine 
wave output of these inverters. 


The main loads currently connected to the PROsine 
1000 are two solar hot water circulating pumps. Each of 
these pumps consumes about 65 watts, which at first 
glance might not seem like much power. But these 
pumps run all day, every sunny day, and between them 
they can consume over 1.5 KWH per day. The 
circulation pumps are the third largest daily electrical 
load at Home Power Central. 


The solar thermal systems could be much more 
efficiently driven by smaller, magnetically-coupled DC 
pumps, and this upgrade is on the project list. Also 
connected to the PROsine 1000 are the compact 
fluorescent lighting in the greenhouse/bathhouse, and 
the Staber washing machine, neither of which are big 
energy consumers. 


Battery 

We store energy in four Surrette 6-CS-25PS batteries, 
each 820 ampere-hours at 6 volts. See HP75, page 84, 
for a Things that Work! review of these batteries. We 
used #4/0 (107 mm?) copper welding cable (labeled 
“CU”) to series/parallel the Surrettes. Total battery 
capacity is 1,640 ampere-hours at 12 VDC. These four 
Surrettes are housed in the solar-hydronically heated 
battery box described in HP77, page 41. 


System Connections 

RE products we receive for testing are rotated through 
the system on a regular basis. Because of this, we 
wanted to keep the system as modular as possible. We 
followed the same basic design parameters for the 12 
VDC system as we did for the 24 VDC system detailed 
in HP77. All hardware is mounted on racks for ease of 
installation and additional cooling. Conduit and 
raceways are oversized to simplify modifications or 
additions to the system. 


The hot inputs from the three 12 VDC PV sub-arrays 
are wired to separate 60 amp, DC-rated breakers in the 
Ananda. The positive PV input is combined on the 
battery side of the breakers, routed through a 
Heliotrope CC-120 charge controller, and terminated at 
the positive bus in the power center. 


The negative leads from the PV arrays each pass 
through a dedicated 100 mV/100 A shunt for metering 
of the individual arrays. The PV negatives are then 
combined and run through a 50 mV/500 A shunt used to 
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measure total PV input. The PV 
negative leg then goes to the charge 
controller, and finally terminates at ; 
the negative bus in the Ananda. 


The batteries are wired to the 
Ananda with two pairs of #4/0 (107 
mm?) CU welding cable. All lugs are 
crimped, soldered, and sealed with 
heat shrink tubing. DC input to the 
inverters is routed through Class-T 
fuses in the Ananda. AC output from 
the inverters runs through an easily 
accessed raceway and then to the 
AC distribution mains. 


When the Sun Doesn’t Shine 
We use a Honda ES6500 120 VAC : 
generator to supply backup energy 
for both the 12 volt and 24 volt 
systems. In the 12 volt system, we 
use a dedicated hot leg of the 
generator to power the onboard 
charger in the Statpower PROsine 
2.5 KW inverter. This leg also 
provides AC for a 70 ampere Todd 
battery charger. 


ee 


j = 


‘ 

* 
— 
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We’re totally impressed by the 
quality of the charger built into the 
Statpower inverter. It puts over its 
rated 100 amps (we’ve measured 
117 A) into the battery at 12 VDC. 
The charger presents a near-unity 
power factor (0.99 to 1.0) to the 


generator. This results in less 
generator run_ time, fuel The 12 volt system including power center, inverters, controller, and charger. 


The Surrette 6-CS25-PS batteries provide 1,640 AH of storage at 12 VDC. , : : 
ets mises: consumption, noise, and pollution. 
- The Statpower’s AC charger is so 
: effective that we rarely have to use 

the Todd charger. 


A GennyDeeCee 12 volt engine 
generator manufactured by Feather 
River Solar Electric is a second 
backup charging source. It uses a 
Honda overhead valve engine to 
drive a 12 VDC alternator. Our unit 
has a maximum output of 100 amps 
at 12 VDC. The big advantage of the 
GennyDeeCee is that it uses about 
half the gas per amp-hour into the 
batteries as a conventional AC 
generator. Burning fossil fuels is 
definitely an instance where less is 
better! 
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Inside the Ananda Power Center. 


12 Volt DC Loads 

Our AC loads are covered in the inverter section. AC 
loads are about 61 percent of our total load for this 
system, while DC loads are about 39 percent. One of 
the reasons we opted to keep a 12 volt system was our 
12 VDC loads, which, while few in number, are still 
significant energy users. The largest consumer is our 
Sun Frost RF-19 refrigerator, which uses an average of 
960 watt-hours per day. Smaller consumers include our 
ham radios (242 watt-hours per day) and our 
radiotelephone (264 watt-hours per day). 


These loads consume a total of about 1.5 KWH per 
day. They are all located in the house, which is about 
100 feet (30 m) from the 12 volt battery housed in the 
power room. The best way to move 12 volt power this 
distance without excessive voltage drop was the topic 
of much discussion. 


While the average current consumption of a single 
motor/compressor in the Sun Frost is about 5 amperes, 
the peak or surge consumption is around 15 amperes. 
And the Sun Frost has two motor/compressors, one for 
the refrigerator and one for the freezer. We were 
concerned about supplying the peak demands of these 
compressors without undue voltage loss in that long, 
low-voltage power line. 


We installed 110 feet (34 m) of #1/0 (53 mm?) aluminum 
(AL) cable between the battery in the power room and 
the house. With a single Sun Frost compressor 
operating, voltage loss in this power line averaged 0.5 
VDC. With both compressors operating, the peak 
voltage loss in the 12 VDC power line was over 1.5 
VDC—far too high. 


PV Sub-Array #1: Eight Kyocera J-51s on a dual-axis Wattsun tracker. 
A BP-275, an Arco Super Tri-lam, and a Mariposa concentrator are 
ground mounted. Total output is 545 watts. 


PV Sub-Array #2: Eleven modules from nine 
different PV manufacturers and three Solarex 
MSX-53s (all ground-mounted). 

Total output of 580 watts. 


PV Sub-Array #3: 
Six Kyocera J61 modules, 
and a single Solavolt SV8000, 
on a dual-axis Wattsun tracker. 
Total output is 310 watts. 


Internal Combustion Generator 1: 
Honda ES6500: 6,500 watts at 230 VAC, 
gasoline-powered 


Internal Combustion Generator 2: 
GennyDeeCee: 1,200 watts at 12 VDC, 
gasoline-powered 


Generator Fused Disconnect: 
Two 30 amp pull-out fuses 
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4.60 


PV Breakers: 
60 amp77~ 


Ne 


Diode: 
60 amp Schottky 


To DC Loads: 
Sun Frost, radios, 
‘adiotelephone, etc 


Booster Battery: 
Two Concorde SunXtender, 
PVX-12105 AGM, 
105 amp-hours each at 12 VDC 
(in house) 


Main House 
Distribution: 
To select inverters 
or generator legs 
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Charge Controller: 
Heliotrope CC-120 
120 amps at 12 volt DC 


Home 
Power's 


12 Volt 
= & System 


Amp-Hour Meter 1: 
Cruising Amp-Hours +2 
to battery & total PV shunts 


Amp-Hour Meter 2: 
Cruising E-Meter 
(in office) 


Inverter 1: 
Statpower PROsine 2.5, 
2,500 watts continuous at 120 VAC 


Uy 


Inverter 2: 
Statpower PROsine 1000, 
1,000 watts continuous 
at 120 VAC 


Inverter 3: 
Exeltech XP1100 
1,100 watts at 120 VAC 
(disconnected) 


pull-out 


Todd 75 amp charger 75 


Battery Chargers: Gy Q 
on leg 2 of generator output ~ 


Zephyr Power Vent 
controlled by homebrew 
battery sensing switch 


ee 


Battery Vent: & 
§ 
x 


Main Battery: | 
Four Surrette 6-CS-25PS lead-acid batteries, a 
820 ampere-hours each at 6 volts | 
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AC Breaker Panel: 
To 120 VAC loads 
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Note: DC equipment 
grounds not shown 
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Exeltech Trace 


PROsine PROsine Generator 
(24 volt) (24 volt) 1000 25 
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The Missing Wind 
Generator 


Home Power's 1,000 watt Whisper wind generator, 
manufactured by World Power Technologies, 
doesn’t really have a proper home in either the 24 
or 12 volt system articles. When we wrote the 24 


volt system article, the wind genny was charging 
the 12 volt system. Now it is has been switched 
over to the 24 VDC system. We made this switch 
because the 24 VDC system is loaded more 
heavily than the 12 VDC system. 


The Whisper 1000 is mounted on a 64 foot (20 m) 
tilt-up tower located 600 feet (180 m) from the new 
power room. The generator is wired for 48 VDC to 
minimize losses in the long wire run. Its output is 
run through #1/0 (53 mm?) AL USE wire and 
stepped down to 24 VDC in the power room using 
an 80 amp Bobier Electronics LCB. The shift from 
the 12 V system to the 24 V system means that 
the LCB runs more efficiently because there isn’t 
as much of a down conversion. 


At high output, the LCB is only about 85 percent 
efficient. But it allows us to transmit maximum 
wind generator output over a long distance with an 
acceptable 9 percent voltage drop. The other nice 
feature of the LCB is that the wind generator’s 
maximum power point can be manually adjusted. 
During high winds, we dial up the LCB’s input 
voltage, resulting in a higher operating voltage at 
the wind generator and increased current into the 
battery. 
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During nighttime operation when the batteries were not 
under charge, the compressors in the Sun Frost were 
getting browned out. They were forced to start and run 
while supplied with lower than specified supply voltage. 
(12.0 VDC minimum). This will shorten their life and 
reduce their efficiency. We were also concerned about 
feeding too low a voltage to the ham radios, and most 
especially the radiotelephone (R/T). After a few days of 
this condition, we opted for plan B. We decided to solve 
this problem by using a “booster battery” installed in the 
house, near the Sun Frost. 


Booster Battery 

We probably didn’t invent the concept of a booster 
battery. We’re sure that someone, somewhere, must 
have tried this before, but we’ve never heard of it. 
Here’s the basic idea: A small 12 volt battery is located 
as near as possible to the 12 volt loads. In our case, 
this small battery is two Concorde AGM batteries, each 
rated at 105 ampere-hours at 12 VDC. These are wired 
in parallel with the main 12 volt battery bank. 


During the day, the 12 VDC system recharges the 
booster battery, and also powers the loads connected 
to it. At night, the booster battery supplies the surge 
current needed to operate appliances without undue 
voltage depression. Should the booster battery’s 
voltage ever drop to lower than the main battery’s 
voltage by 0.4 VDC or greater, then the main battery 
will supply the loads. 


We chose the Concorde AGMs for this job because 
they are sealed, and could easily be housed in a 
kitchen cabinet. We wired them in parallel for a total of 
210 ampere-hours at 12 VDC. This booster battery is 
connected to the main 12 volt battery, which is over 100 
feet (30 m) away. 


There is a Schottky diode inserted in series in the 
positive leg between the main battery and the booster 
battery. This diode prevents the booster battery from 
discharging into the main battery, but allows the main 
battery (and its power sources) to recharge the booster 
battery. The main idea here is that the booster battery 
will deliver the surge current required to run the Sun 
Frost compressors, and thus keep the DC voltage 
higher in the house. 


So far, this booster battery concept is working well. We 
installed a TriMetric battery ampere-hour meter on the 
booster battery so we could measure its performance. 
At night, we discharge the booster battery about 40 
ampere-hours, and each day it is refilled by the main 12 
volt system. The main 12 volt system regulates at 14.7 
VDC. The 60 ampere Schottky diode we used has a 
forward voltage drop of 0.4 VDC. This limits the charge 
voltage to the booster battery to 14.3 VDC, which is 
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Home Power's 12 VDC System Loads 


AC or| WH | 
Appliance _| DC \perday  % 
2 Solar DHW circulating pumps | AC | 1,200 27.3% 
Well pump, 1/3 hp AC 1,200 27.3% | 
Sun Frost RF-19 fridge/freezer DC | 960 21.8% | 
Inverter in standby mode DC 360 8.2% 
2 Ham radio receivers | pe | 192, 44% 
Staber washingmachine = | AC 165 3.8%. 
Radiotelephone receiver | DC 144, 3.3% 
Radiotelephone transmitter == =DC 120) 2.7% 
Ham radio transmitter | DC [ 501.1% 
Soldering iron | DC | 3 0.1% 

Total 4,394 


perfect for the sealed Concorde AGMs. When the 
batteries receive equalization charges, we will 
disconnect the booster battery from the main battery 
system to avoid overcharging the sealed batteries. A 30 
ampere Square D QO breaker provides overcurrent 
protection and a disconnect to the booster battery 
circuit. 


The booster battery picks up the surge current required 
by the Sun Frost compressors, and keeps the voltage 
high at night for the ham radios and radiotelephone. 
While the booster battery is a 
somewhat roundabout approach to 
solving voltage loss in long 12 VDC 
lines, it works. Most systems will not 
need this approach. It’s best to site 
your battery bank as close as 
possible to major DC loads, or run 
only 120 VAC appliances only if this 
is not possible. But in special cases, 
it’s good to know that a custom 
approach like this can work. 


Other Options 

We considered other options to the 
booster battery. We could have 
achieved an acceptable voltage 
drop by running #4/0 (107 mm?) 
copper cable from the main battery 
up to the house. The expense 
involved didn’t make this a very 
attractive option. A second option 
was to run 24 VDC to the house and 
convert it down to 12 VDC using a 
power supply. The problem with this 
was noise from the DC to DC 
converter. 
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Switching power supplies tend to produce electrical 
noise, which is in turn transmitted to the various 12 volt 
appliances, and particularly communications devices. 
That includes TVs, two-way radios, cell phones, R/Ts, 
AM radios, FM radios, cordless phones, satellite dishes, 
etc. Communication is essential, entertaining, and very 
much a part of our media-drenched lives. Anything that 
interferes with it must be eliminated! 


Our radiotelephone and ham radios are by no means 
noise tolerant. Even a small amount of DC noise or 
ripple on the 12 volt line gives us a buzz on the radios. 
On the ham radios this is merely annoying. On the 
radiotelephone, this noise can shut down modem 
communication entirely. A battery has inherent 
capacitance, which stores charge and can reduce 
voltage ripple on DC lines. With the added capacitance 
filtration of the booster battery, we have no noise or DC 
ripple, so all the radios are happy, and operate without 
interference. 


System Cost 

Since almost all of the gear in our new 12 volt system 
was scavenged from our old system, the cost to us was 
merely wire, cable, conduit, and such like. That and all 
of three days of Joe, Eric, and Jason’s labor wiring 
everything up in the new configurations. If anyone were 
to duplicate this 12 volt system using all new gear, it 
would cost about US$15,000, and would provide about 


Fossil-fuel backup: A Honda ES6500, 6,500 watts at 230 VAC (left), 
and a Feather River Solar GennyDeeCee, 1,200 watts at 12 VDC (right). 
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5 KWH per day. That’s enough to run an energy 
efficient home of four people in a deluxe fashion. 


Flexibility 

One of the main reasons we retained a 12 volt system 
here was to have the flexibility of two discrete systems. 
We can draw from whichever system has the most 
energy at the time. We can also continue to test 12 volt 
equipment, which is essential for reports to our readers. 
Overall, we’re very happy with two systems. To be sure, 
it has been some additional expense and lots and lots 
of additional work (thanks, Joe!), but for us, it’s worth it. 


The flexibility of our two systems shines in the new 
plug-and-play center in what used to be our old power 
closet. We can waltz in there and choose which system 
and inverter we want to use to power a load or group of 
loads. This flexibility is greatly reducing our generator 
operating time, and saving fossil fuel. 


Access 

Richard Perez, Home Power, PO Box 520, Ashland, OR 
97520 ¢ 530-475-3179 © Fax: 530-475-0836 
richard.perez @ homepower.com 

www.homepower.com 


Joe Schwartz, Home Power, PO Box 520, Ashland, OR 
97520 ° 530-475-3179 © Fax: 530-475-0836 
joe.schwartz @ homepower.com * www.homepower.com 


Array Technolgies, Inc., 3312 Stanford NE, 
Albuquerque, NM 87107 ¢ 505-881-7567 
Fax: 505-881-7572 ¢ sales @wattsun.com 
www.wattsun.com * Wattsun PV tracker 


Bogart Engineering, 19020 Two Bar Rd., Boulder 
Creek, CA 95006 ¢ 831-338-0616 

bogart @ bogartengineering.com 
www.bogartengineering.com ¢ TriMetric AH meter 


BP/Solarex Solar, Inc., 2300 N. Watney Way, Fairfield, 
CA 94533 © 888-274-7652 or 707-428-7800 

Fax: 707-428-7878 © solarusa@bp.com 
www.bpsolarex.com ¢ PV modules 


Bobier Electronics, 3701 Murdoch Ave., Parkersburg, 
WV 26101 * 304-485-7150 © Fax: 304-422-3931 
solar @ sunselector.com * www.sunselector.com 

LCB manufacturer 


Concorde Battery Corp., 2009 San Bernardino Rd., 
West Covina, CA 91790 ¢ 800-757-0303 or 
626-813-1234 * Fax: 626-813-1235 
conbat @ earthlink.net * www.concordebattery.com 
Batteries 


Cruising Equipment, 5245 Shilshole Ave. NW, Seattle, 
WA 98107 * 206-782-8100 * Fax: 206-782-4336 

sales @ cruisingequip.com * www.cruisingequip.com 
E-Meter AH meter 


Exeltech, 2225 East Loop 820 N, Fort Worth, TX 76118 
800-886-4683 or 817-595-4969 ¢ Fax: 817-595-1290 
info @ exeltech.com * www.exeltech.com ¢ Inverter 


Feather River Solar Electric, 5575 Genessee Ra., 
Taylorsville, CA 95983 * 530-284-7849 

Fax: 530-284-6544 « frenergy @ psin.com 
www.psin.com/frenergy 

GennyDeeCee 12 volt generator 


Heliotrope PV, PO Box 1053, Fall Creek, OR 97438 
541-937-9812 ° Fax: 541-937-9813 
rvsolar@continet.com ¢ PV controller 


Kyocera Solar Inc., 7812 East Acoma Dr., Scottsdale, 
AZ 85260 800-544-6466 or 480-948-8003 

Fax: 480-4831 -6431 ¢ info@kyocerasolar.com 
www.kyocerasolar.com « PV modules 


Pulse Energy Systems (formerly Ananda Power 
Technologies), 870-E Gold Flat Rd., Nevada City, CA 
95959 ¢ 530-265-9771 * Fax: 530-265-9756 

info @ pulseenergy.com * www.pulseenergy.com 
Power center 


Surrette Battery Company Limited, PO Box 2020, 
Springhill, NS BOM 1X0 Canada ¢ 800-681-9914 or 
902-597-3767 Fax: 902-597-8447 

sales @surrette.com * www.surrette.com ¢ Batteries 


Southwest Windpower, 2131 North First St., Flagstaff, 
AZ 86004 520-779-9463 © Fax: 520-779-1485 
www.windenergy.com ¢ info @ windenergy.com 

Now manufacturing the Whisper line of wind generators 


Statpower Technologies Partnership, 7725 Lougheed 
Hwy., Burnaby, BC V5A 4V8 Canada ° 604-420-1585 
Fax: 604-420-1591 * sales @statpower.com 
www.statpower.com * PROsine inverters 


Sun Frost, PO Box 1101, Arcata, CA 95518 
707-822-9095 * Fax: 707-822-6213 

info @sunfrost.com * www.sunfrost.com 
Refrigerator/freezer 


Todd Engineering, 28706 Holiday PI., Elkhart, IN 46514 
800-439-8633 or 219-293-8633 ¢ Fax: 219-295-8527 
dwilson @ toddengineering.com 
www.toddengineering.com ¢ Battery chargers ox 


Bountiful Energy 


, Sales, Design Service, Installation, 
and Maintenance on Solar, Wind, and Hydro systems. 
Whether this is your first purchase or you are an expert installer 
we can assist you. 


www.bountifulenergy.com email: sales@bountifulenergy.com ph: (615) 412-5200 
135 Martin Rd, Bon Aqua, TN 37025 
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SOLARS IS RISING! 


Contains the original magazine layouts for HP71 thru HP76 in Adobe 
Acrobat PDF® format (reader included): 


Color « Indexed ¢ Searchable ¢ Exportable ¢ Printable 


Also contains: guerrilla solar video, audio RE lectures, RE system 
analysis software, RE business database, & nationwide data on solar 
insolation and weather 


$29 Home Power 

pagtige pe PO Box 520, Ashland, OR 97520 
(International orders add $3) Phone: 800-707-6585 e 541-512-0201 

= Web: www.homepower.com 
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“MY MOM LOVES TO WATCH 
THE POWER METER SPIN 
BACKWARDS. 
| JUST THINK 
THAT WIND 
THING IS 
REALLY 
COOL.” 


A 10 kW Bergey Excel 
wind turbine system 
can reduce your utility 
bills by up to 90%. 


Na BUT, WILL IT WORK For nearly twenty years Bergey WindPower has 
e 4 3 been America’s leading supplier of wind energy 
FOR ME: systems for rural homes”, farms, and small 


businesses. This year we are introducing our 
G A exclusive 5-year warranty and our advanced 
ET ANSWERS, 24 HOURS A DAY, UL-certified GridTek 10 inverter. 


AT OR CALL Whether you want a total installation from a 


certified Bergey dealer or you want to save 
TOLL FREE 1-888-669-6178, money by installing it yourself, Bergey 


8 AM — 6 PM, CST WindPower can help you to power your 
dream with the power of the wind. 


“Property size of at least one acre is recommended. 


2001 PRIESTLEY AVE. 

y NORMAN, OK 73069 
T: 405-364-4212 
F: 405-364-2078 
SALES@BERGEY.COM 


BERGEY 


WINDPOWER SIMPLICITY*RELIABILITY* PERFORMANCE 


© 1999 Bergey Windpower 


AWARDED 


BP Solar’s 
Largest 
US Distributor 
for 
7 1998 & 1999 


Huge inventory 
supplies! 


Specialty Concepts 


x 


SouthWest Se 
Windpower sensei e@s 


Heart Interface 


Pulse 


BP Solar 422337 


Trace Engineering 


at ©2000 Ben nis Scar 
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typical tracked PV array with pole-mounted combiner box. 


ook at a recent PV system schematic, and you'll 

see a component between the PV array and the 

charge controller—it’s called a combiner box. It 
provides a place to join the array conductors to the 
conductors that feed the electricity to the batteries. It 
also often contains other components. This article 
describes the design and construction of a combiner 
box that attempts to address all National Electric Code 
(NEC) requirements. 


A combiner box is an important 
component of a code-compliant 
system, and | am aware of only one 
commercial model available now. 
The combiner box | describe here is 
easy and enjoyable to build. The 
components are readily available, 
and for smaller systems, significant 
savings can be realized by building 
your own. 


Combiner Box Functions 

A combiner box is similar to a 
junction box (J-box). The #12 or #10 
(3 or 5 mm?) conductors used to 
wire the PV array come into this box. 
There they are connected via a 
power distribution block to the larger 
conductors that run to the charge 
controller and batteries. The goal is 
to carry the electrical energy from 
the PVs to the batteries with a 
minimum of voltage drop. 


A combiner box also permits the 
combining of multiple photovoltaic 
source circuits (Subarrays, panels, 
or series strings), and provides a 
method of removing a module or 
subarray/panel from the array 
without interrupting the rest of the 
array. Sections 690-4(c), 690-14(b), 
and 690-18 of the NEC address this 
situation and make the combiner 
box an essential component of a 
code-compliant system. 


This requires a different approach to 
wiring the array than has been used 
in the past. Figures 690-19(a), 
690.7, and 690.8 in the 1999 NEC 
Handbook clearly depict PV arrays 
formed not by the more typical daisy 
chain connections, but by creating 
sub-arrays of series strings (panels) 
each having the nominal system 
voltage. Each of these series strings 
is then directly connected to the 
combiner box. So in a 12 volt 
system, every module is considered 
a subarray or series string, and will 
be directly connected to the 
combiner box. In a 24 volt system, 
every two modules are connected 
together in series, and then each 
pair or series string is directly 
connected to the combiner box. 
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In addition to providing a place to join multiple PV 
source circuits, combiner boxes also often house 
disconnect mechanisms, fuses, equipment grounds, a 
grounding terminal strip, grounding electrode conductor, 
and lightning arrestor. The combiner box is normally 
mounted near the array, and often mounted to the pole 
or rack supporting the modules. A roof-mounted system 
could have the combiner box mounted on the roof near 
the modules or inside the attic. 


Weatherproof Box 

If these combiner boxes are outside, they need to be 
rainproof junction boxes. These should be UL-listed 
boxes that have specially fitted or gasketed doors to 
prevent the infiltration of moisture. The NEMA TYPE 
3R, available from Grainger, satisfies these criteria and 
is commonly used for this purpose. These boxes come 
in a variety of sizes with side hinged doors, or in a less 
expensive version with a screw-on cover. Both are 
lockable. In an outdoor environment, wire access to the 
box should only be through the bottom to minimize the 
entry of water. A good size for the box would be 12 by 
15 by 4 inches (30 x 38 x 10 cm). 


Conduit and/or strain reliefs listed for outdoor use can 
be easily attached to the box through the knockouts. 
Conduit should be used with 90°C rated conductors that 
are not sunlight resistant, such as the commonly 
available single conductor stranded THWN-2. The 
strain reliefs listed for outdoor use should be used when 
conductors having sunlight resistance (such as USE-2 
or TC) are used and not run in conduit. Some of the 
other components, such as a two-pole power 
distribution block, DIN rail, and grounding terminal strip 
should be securely attached to this box with stainless 
steel fasteners. 


Combiner Box Wiring 


Combiner box 


PV panels 


Lightning 
arrestor 


Ground 


To charge 
controller 
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A combiner box for an array with four series strings, 
designed and constructed by Shawn Fitzpatrick. 


Power Distribution Blocks 

A power distribution block brings the conductors 
together in a combiner box. Power distribution blocks 
come in a large variety of sizes and configurations. 
They can be single, double, or triple pole. They have a 
large barrel-type connection on one side, and normally 
four or six smaller barrel connections on the other side, 
although quite a range of other options exist. 


The primary or large terminal block for the outgoing 
cables needs to be large enough for the size of cable 
selected. You also need to be sure that there will be 
enough spaces on the secondary side of the block for 
the incoming array wires. Depending on how the array 
is wired, this could mean four spaces for an eight 
module, 24 volt array—one for each series string. 


Grounding Terminal Strips or Blocks 

The power distribution block for the grounded or 
negative current-carrying conductors often requires 
additional connections for the grounding system. An 
additional grounding terminal strip is desirable for a 
variety of reasons. It should be attached to the box 
electrically to meet the equipment-grounding provisions 
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of the code for the combiner box. 


Homebrew 


Four-Circuit Combiner Box Costs 


Component* Supplier & Part Number* Cost (US$) Total % 

Delta LA302 DCMB lightning arrestor Hutton #LA 302DCMB $30.00 $30.00 21.6% 
Wiegmann RSC10124 NEMA 3R box Grainger #6C726 27.45 27.45 | 19.8% 
4 Ferraz Shawmut Ultrasafe fuse holders Fuses Unlimited #USCC1 6.64 26.56 | 19.2% 
4 Cooper Industries low-peak LP-CC fuses Grainger #ICX61** 6.48 25.92 | 18.7% 
Ferraz Shawmut 63132 power distribution block Grainger #5A671 19.02 19.02 | 13.7% 
Omron PFP-100N DIN mounting track Grainger #6X295 6.63 6.63 4.8% 
Grounding terminal strip Any electrical supplier 3.00 3.00 2.2% 
seca planks panini ee ae interconnect methods. Total $1 38.58 


Use heavy star washers rather than lock washers, and 
remove the paint where the grounding block meets the 
box. Then repaint any bare metal after mounting the 
block, to prevent rusting. Some boxes have a specific 
threaded hole for the connection of the grounding block. 


For roof-mounted systems or systems with an 
equipment-grounding conductor traveling back to the 
charge controller/inverter location with the current 
carrying conductors, the UL standards and the 2002 
NEC will require the equipment-grounding conductor to 
be as large as the current carrying conductors. This 
could require a larger grounding block or strip. For pole 
or rack mounted systems with a grounding electrode at 
the array location and no equipment-ground traveling 
back to the charge controller/inverter location, the strip 
shown in the photos should be adequate. 


The necessary components, including lightning arrestor. 


Fuses 

Fuses in the combiner box are desirable for several 
reasons. Article 690-9 of the NEC, Overcurrent 
Protection, states that “circuits connected to more than 
one electrical source shall have overcurrent devices 
located so as to provide overcurrent protection from all 
sources.” 


Blocking diodes located in the charge controller or the 
modules normally prevent electricity from moving from 
the batteries to the modules. But they may lose their 
blocking ability and allow backfeeding of electrical 
current, which could damage the PV modules. Properly 
sized fuses will protect PV modules should this 
condition arise. 


Section 690-4(c) of the 1999 NEC requires that the 
connections to a module or panel shall be arranged so 
that removal of a module or panel from a PV source 
circuit does not interrupt a grounded conductor to 
another PV source circuit. By fusing each module or 
string, it is possible to easily remove one without 
interrupting the other modules or strings in the array. 


The code (690-18) also states that it must be possible 
to disable an array or portions of an array for installation 
and servicing. Covering the modules with an opaque 
material is a common and code compliant way to 
achieve this requirement. However, another acceptable 
method is to divide the array into nonhazardous 
segments using switches or connectors. Fuses and 
fuse holders make this possible. 


The fuses should be DC rated (690-9(d)), UL listed, and 
“have the appropriate voltage, current, and interrupt 
ratings.” The desired fuse characteristics should be 
identified on the modules by their manufacturer, and 
should be at least 1.56 times larger than the short 
circuit current of the module. Trace Engineering has a 
fuse selection guide for many commonly available PV 
modules on their Web site. 
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Combiner box with midget fuses, fuse blocks, 
and safety pullers. 

Fuse Holders 

The fuses need some kind of holder. There are a 
couple of options. The nicest ones are the Ferraz 
Shawmut Ultra safe fuse holders, which mount on DIN 
rail and snap on and off very easily. The positive 
conductor of each series string attaches to the top side 
of a holder in a pressure plate terminal. Another positive 
conductor is attached to the bottom of the holder and 
then to the secondary side of the positive or 
ungrounded distribution block. They can accept wire 
size ranges from #6 to #14 (13-2 mm?). The holders 
have a little door that opens for inserting or removing a 
fuse. The holders protect the operator from live parts, or 
are “finger safe” (NEC 690-17). They provide a way to 
disable the array, or portions of the array, for servicing 
(NEC 690-18). 


A second option is to use a fuse block with a safety 
puller, cover puller, or dead-front fuse cover. Different 
blocks are available for both the midget and class CC 
fuses. The blocks come in 1, 2, or 3 pole configurations 
with a choice of box, screw, or pressure-plate 
connectors. They cover exposed live clips and 
terminals, and reduce accidental contact by personnel. 
The safety pullers also allow you to easily remove a 
fuse without the use of standard fuse pullers. 
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Combine and Conquer 

The combiner box I’ve described can easily and 
inexpensively be constructed for smaller arrays. It uses 
UL listed or recognized components. However, it is not 
considered a UL-listed device. So the person who 
builds, installs, or uses the device could be open to 
liability or insurance claim problems if it fails or causes 
an accident. 


Trace Engineering distributes the TCB10 combiner box 
which is UL listed and is available for US$229. For 
larger arrays with up to ten series strings, this unit 
would probably be a better choice from both an 
economic and NEC perspective. 


A combiner box lets you combine multiple photovoltaic 
source circuits (sub-arrays, panels, or series strings), 
and provides a safe method of removing a module or 
sub-array/panel from the array without interrupting the 
rest of the array. It also provides fuse protection to 
protect modules from current that could backfeed from 
the batteries, provides a convenient bond for equipment 
and, if appropriate, a system ground, and a convenient 
location for a lightning arrestor. 


A two-string combiner box used as an educational tool. 
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Access 

Dennis Scanlin, Department of Technology, 
Appalachian State University, Boone, NC 28608 
828-262-6361 ¢ Fax: 828-265-8696 
scanlindm @ appstate.edu 


Fuses Unlimited, 9248 Eton Ave., Chatsworth, CA 
91311 © 818-786-8111 * Fax: 818-786-8222 

info @fusesunlimited.com * www.fusesunlimited.com 
Ultrasafe fuse holders and any type of fuse 


W. W. Grainger, Inc., 100 Grainger Parkway, Lake 
Forest, IL 60045 * 847-535-1000 
postoffice @ grainger.com * www.grainger.com 

DIN type 35 mm mounting track (stock # 6X295), fuses, 
power distribution blocks (stock # 5A671), and NEMA 
3R enclosures (stock # 6C726) 


Hutton Communications, 2520 Marsh Ln., Carrollton, 
TX 75006 * 877-648-8866 or 972-417-0155 

Fax: 972-417-0180 ¢ info @huttoncom.com 
www.huttoncom.com ¢ Delta LA302 DCMB lightning 
arrestor 


Ferraz Shawmut Inc., 374 Merrimac St., Newburyport, 
MA 01950 ¢ 978-462-6662 ¢ Fax: 978-462-0181 

info @ ferrazshawmut.com ¢ www.ferrazshawmut.com 
Ultrasafe fuse holders and power distribution block 


Trace Engineering, 5916 195th St. NE, Arlington, WA 
98223 * 360-435-8826 ¢ Fax: 360-435-2229 
inverters @ traceengineering.com 
www.traceengineering.com ¢ TCB10 combiner box 


National Electrical Code® and NEC® are registered 
trademarks of the National Fire Protection Association. 
The 1999 NEC and the NEC Handbook are available 
from the NFPA, 11 Tracy Dr., Avon, MA 02322 
800-344-3555 or 508-895-8300 Fax: 800-593-6372 or 
508-895-8301 ¢ custserv @nfpa.org * www.nfpa.org 


NO @HASSLE WIND POWER 


Rugged 18" blade Ampair 100 produces 

up to 100 Watts continuously, 24 Hours 

per day, at wind speeds from 

@ a 8 to 100+ mph. No brakes or 
e furling needed...guaranteed at 


any windspeed! Veteran of 3 years 
continuous Antarctic service. 


Roof mount is OK; pole mount 
is better. Put it up, hook it 
up to the batteries and forget it! 


Maximum Flexibill 
Water Pumpin 


¢ Solar powered 
| iar 
aaa - 


12v motor 
Fits inside with 12v/60W pumps 
your submersible 240' deep with 
(or stand alone) one solar panel 


¢ Hand pumps 
below 400 feet 


¢ 100% CNC 
machined 
Distributor 


opportunities 
available 


Call 501-839-4017 


www.solar4power.com 


= 


Z 512 | BP 
| 275 
$349 
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NO-HASSLE WATER POWER 


If you have a reasonably fast running stream or tide 
nearby and 12” of water clear, Aquair UW Submersible 
Generator can produce 60 to 100 Watts continuously, up 
to 2.4 KWH per day. NO TURBINES, NO 

DAMS, NO PIPES! Water speed 5 

mph (brisk walk) = 60W. 8 mph 

(slow jog) = 100W. Timber, rock, or 

natural venturi increases output. 


12 or 24 VDC 


Jack Rabbit Energy Systems 


425 Fairfield Ave., Stamford, CT 06902 
(203) 961-8133 ¢ FAX (203) 961-0382 
e-mail: jackrabbitenergy @worldnet.att.net 
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Solar Modules & Inverters in Stock 


¢1,000's of 
eBP Solar's Fastest Growing Distributor 
a’ * All Balance of System Components Available é 
Complete Turn Key Power Systems : 
elowest Industry Price 6 
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Renewable Energy: 100 years ago it looked 
like a bright idea. 100 years later it looks brilliant. 

While Trojan Battery wasn’t around at the dawn of time (we weren’t founded until 1925) it didn’t take us long to make 
a huge contribution: Trojan deep cycle battery technology. It works whenever you need clean, green energy for any 
application: Photovoltaic, hydro or wind-generated. Remote sites. Emergency generators. EVs. RVs. And more. We sell 
more deep cycle technology than anyone, so we’re able to offer more support than anyone. Why not take advantage of our 
nearly 75 years of know how and fast, friendly service? Call us at 800-423-6569. Or fax us at 562-906-4033. 

Or better yet, visit us at www.trojanbattery.com. Deep cycle technology doesn’t get any better than this. 


PiTrojan. 


BATTERY COMPANY 


“HANZI” Chinese Diesel... 
Generator-Set $2,795 


Water Cooled © Electric Start ee 
Turn Key Complete ¢ Industrial Quality * 3 Hours per Gallon Fuel 
Free Tool & Overhaul Kit ¢ 230/115 Volt, 60 Hz, Single Phase 


Guaranteed Parts Available * Immediate Delivery 
Runs Home, Small Farm, Shops * One Year Warranty 


Diesel Tractors ae 10KW 
$3,162 


4x4, Power Steering, j nee Steams 


2 stage Clutch. 
25HP $7,100 


28HP $7,500 


Options: Front Loader, Back Hoes, 
Turf Tires, Cab/Canopy 


Call Now to Place Your Order, or For More Information ee 
9 


Newinli International, linc. Free Shipping 
13445 Yorba Ave., Chino, CA 91710 


Toll Free: 1-877-NEWINLI (1-877-639-4654) 
Phone: (909) 364-0667 * Fax: (909) 364-0856 
Web: www.dieselpowerequipment.com * Email: Newinli@ aol.com 


Distributors Wanted 
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Trojan 


The Better Battery 


Trace 


Authorized Distributor 
E-Metor 
®*8 Oo 


Cruising 
Equipment 


Solar ¢ Microhydro e Wind Power e Water Pumping e Remote Communications 


We do it all and we do it right! 


There is more to a working renewable energy system than a cheap deal on a pile 
of hardware. While other companies may seem to be cheaper, none are better at 


building the right, and most cost-eff 


Electron Connec 
installation 


Electron Connection 
PO Box 203, 

Hornbrook, CA 96044 USA 
Voice ¢ Fax: 530-475-3401 
E-mail: 

econnect @snowcrest.net 

Web Page: 
www.electronconnection.com 
CA Electrical Lic #613554 


== Ipr 


1-800-945-7587 


SMI for you. 


e Photovoltaics —Siemens - BP -Solarex 

¢ High-Quality Batteries —Trojan - GNB 

¢ Power Inverters — Trace - Exeltech 

¢ Instrumentation — Cruising - Fluke - Wavetek 

¢ Charge Controls — Heliotrope - Trace 

¢ Trackers & PV Mounts — WattSun - 
Zomeworks - Direct Power 

¢ Microhydro Electric Powerplants — ES&D - 
Harris Hydro - Lil Otto Hydroworks! 

¢ Wind Generators — World Power Tech - 
Southwest Windpower 

¢ Pumps — Dankoff Solar - Solarjack - SHURflo 

¢ Water Heaters — Myson — Aquastar 

¢ Efficient Lighting — Phillips - Osram - S&H 

¢ Safety Gear — APT - Heinemann - Cutler & 
Hammer - Square D Products 

¢ Radiotelephones 


Laurie Stone 


©2000 Laurie Stone 
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Above: Solar sisters. Right: Testing short circuit current 
and open circuit voltage on a PV module. 


7 ast February, a group of 
dedicated and enthusiastic women 


learn how to incorporate solar energy 
into their lives. Though it hasn’t always 
been this way, women wielding power 
tools and installing solar electric equip- 
ment is becoming more common. 


For the past three years, Solar Energy International 
(SEI), an educational non-profit based in Carbondale, 
Colorado, has offered photovoltaic workshops for 
women. Fifty-five women have attended four 
workshops—three in Tucson, Arizona, and one in 
Portland, Maine. Twelve year old girls, NASA 
engineers, ranchers, housewives, and a wide variety of 
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other women have attended the workshops. They’ve 
taken steps toward their goals of bringing renewable 
energy into their lives. Whether they came to learn 
about installing a home system, start an RE business, 
or simply to increase their knowledge of renewables, 
the women brought an enthusiasm to these classes 
seldom seen in a coed course. 


Arizona PV Workshop 

The fourth Women’s Photovoltaic Design & Installation 
workshop was held in Tucson, Arizona in February. The 
women participants learned about photovoltaics, met 
other women in the PV field, and learned technical skills 
not often taught to women. They also installed a system 
for a former SEI student—a single mom living in rural 
Arizona. 


Women came to the workshop in Arizona from as far 
away as Canada and New York to learn about solar- 
electric technology. The diverse group of women 
included a rancher, a schoolteacher, a nurse, and a 
grandmother touring the country in her RV, among 
others. The workshop was taught by five women who 
have been working in the PV industry as technicians, 
electricians, educators, and researchers. The 
instructors included Justine Sanchez and Laurie Stone 
from Solar Energy International, Carol Weis of Eco 
Electric (a PV installer in Basalt, Colorado), Marlene 
Brown of Sandia National Labs, and Melinda Zytaruk, 
an SEI intern who volunteered to help out. 


The classroom part of the workshop was held at the 
Cooper Environmental Science Campus (Camp 
Cooper), in the foothills just west of Tucson. Camp 
Cooper is part of the Tucson Unified School District. 
Elementary school children from all over Tucson spend 
one to two days at Camp Cooper learning about desert 
ecology, wildlife, and solar energy. 


For the first four days of the 
workshop, the women learned the 
basics of electricity, PV system 
components, solar site analysis, and 
how to size a residential system. 
Through laboratory exercises, they 
learned how to estimate insolation, 
using a Solar Pathfinder. They used 
digital multimeters to test battery 
voltage as well as array current and 
voltage. And they learned how to 
wire a switch, receptacle, and light 
fixture. 


System Tours 

Previous SEI women’s workshops 
had already installed stand-alone 
PV systems on a ramada and three 
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Katharine Kent talks about being a woman, 
business owner, and solar pioneer. 


cabins at the camp. One of SEI’s coed workshops had 
installed a grid-tied system on the office. So there was 
plenty to see at the camp itself. We toured the 
previously installed PV systems, using them to learn 
how to draw schematics. We also took two tours to 
meet with other women in the field, and to see more PV 
applications. 


Photovoltaic systems at the Cooper Environmental Sciences Campus, 
where the classroom part of the workshop took place. 
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Dobroslavic System Loads 


Item Volts | Watts | Hrs/day | WH/day 

CD player 120) 32.0 4) 128.0 
Television 120) 60.0 2; 120.0 
2 lights 120) 40.0 3) 120.0 
Compost toilet fan 12 1.4 24 33.6 
Cell phone charger 12) 24.0 1 24.0 
Total 425.6 


for their radio. Needless to say, even a small amount of 
energy was going to make a big difference in their lives. 


The participants split up into three groups: one to work 
on the PV array; one to work on the controller, inverter, 
and batteries; and one to work on the DC and AC loads. 
The two 64 watt Uni-Solar modules were mounted on a 
pole about 40 feet (12 m) from Darlene’s house. The 
600 watt Trace inverter and the Prostar 30 amp 
controller were mounted inside a box on the north side 
Oe: of the house. Because of the inverter hum, Darlene 
4 decided that her 400 square foot (37m?) house was too 
Wits on — small for her, her daughter, and the inverter, so one of 

- 3 Rota. ‘bs aN them had to go outside. 

SEI students get hands-on experience. 
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Students mount the two Uni-Solar 64 watt PV panels at 
Darlene’s remote desert home. 


On the first tour we met with Katharine Kent, who runs 
the Solar Store, a PV dealership and installation 
company in Tucson. She enlightened us about the 
advantages of a woman-run business, but also about 
the trials and tribulations of being a woman engineer in 
a male-dominated field. She felt that she was not taken 
seriously by many of her male colleagues when she 
first started out. It took her longer to gain respect as an 
engineer than it would have taken a man. 


On our second tour, we met with Judy Knox of Out on 
Bale fame. Judy showed us the PV-powered straw bale 
home that she and her husband Matts Myrhman built 
for Matts’ mom, right in the heart of Tucson. Judy also 
talked about how women are the heart of straw bale 
construction—it is their interest and passion that usually 
drags their husbands to straw bale workshops. 


Remote Desert Installation 

After the women in the workshop had their fill of 
classroom sessions, laboratory exercises, and tours, 
we headed for the remote desert of southern Arizona to 
install a system on Darlene Dobroslavic’s house. 
Darlene had attended the Women’s PV workshop the 
year before, and had been gathering equipment to 
eventually bring electricity to her remote home. For over 
two years, Darlene and her nine year old daughter, 
Brittany, had been living with kerosene lamps, and 
spending a lot of money on small throw-away batteries 
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‘I felt very comfortable having longer 
discussions in a group of all women. 
| would have felt hurried or bothered 
by the same discussions in a group 
with mostly men. Removing the men 
made the class focus on our 
individual needs in comfort, and 
allowed us to ask questions that we 
may have been intimidated to ask in 
the presence of men, especially 
men who have more experience 
with power tools, wiring, etc.” 


“Women learn differently than men, 
and work together differently than 
men. We were able to learn in our 
own way without the criticism that 
you sometimes get when dealing in 
mixed classes.” 


Darlene’s exterior-mounted inverter enclosure keeps the hum outside. 


The two 220 amp-hour Exide batteries were put in a 
vented picnic cooler, which will act as the battery box 
until Darlene builds a custom adobe box for them. 
Darlene’s loads consist of two AC lights, a CD player, 
cell phone charger, composting toilet fan, and 12 volt 
DC television. She also hopes to add two more 
modules to her system someday, which is why she 
chose an oversized controller and oversized wire. 


Comfort Zone 

Teaching women-only workshops for photovoltaic 
technology is important on many levels. Women feel 
more comfortable asking questions and participating. 
They are not as apprehensive about using unfamiliar 
tools, and they meet other women who are working in 
or trying to get involved in a male-dominated field. The 
following comments we received from past participants 
are typical of the feelings women express after 
attending our women’s PV program. 


Dobroslavic PV System Costs 


Qty Description US$ % 
2 |Uni-Solar modules, 64 watt $696 | 32% 
1 | Trace UX612 inverter, 600 watt 550 | 25% 

Misc. wire, conduit, & hardware 253 12% 
1 |Uni-Solar top of pole mount 212) 10% 
1 | Prostar 30 amp controller 175; 8% 
2 | Exide E3600 batteries, 220 AH 116 5% 
1 | Square D breaker box, 70 amp 65, 3% 
1 | Square D fused disconnect 48, 2% 
1 Delta lightning arrestor 46 2% 


Total | $2,161 


“Being taught by women in the field 
inspires confidence in women trying to break into a 
male-dominated field.” 


Gaining Conveniences & Confidence 

Now that Darlene is powering her small home with the 
sun, she will be saving money that would have been 
spent on kerosene and dry-cell batteries. She is gaining 
conveniences that she had to do without before, and 
feeling good about using a clean reliable source of 
energy. And Brittany is excited about some of the new 
appliances they will have in their lives. 


There will also be more women entering the PV field 
and putting systems on their own homes. These 
workshops show that women can and will make an 
important contribution to the renewable energy industry. 


PVs: AC Mains Panel: 
Two Uni-Solar To 120 VAC loads 
64 watt modules 


Ground 


Inverter: 
Trace UX612, 600 watts 


Disconnect: 


Two 30 amp at 120 VAC 
UX612 
| | To Mees Disconnect 
’ [as e. 
e 
[ Batteries: 
ee @ ene Controller: Two 6 volt Exide 
Morningstar wired for 220 AH 
ProStar 30 at 12 volts 
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Education 


Access 

Laurie Stone, Solar Energy International, PO Box 715, 
Carbondale, CO 81623 * 970-963-8855 

Fax: 970-963-8866 * sei @solarenergy.org 
www.solarenergy.org 


Cooper Environmental Science Campus, PO Box 
40400, Tucson, AZ 85717 « Phone/Fax: 520-743-7422 


Katharine Kent, The Solar Store, 2833 N. Country Club, 
Tucson, AZ 85716 * 877-264-6374 or 520-322-5180 
Fax: 520-322-9531 ¢ kkent@azstarnet.com 


Carol Weis, Eco Electric, Inc., PO Box 2389, Basalt, 
CO 81621 * Phone/Fax: 970-927-9270 
ecoelec @ rof.net 


Marlene Brown, Sandia National Laboratories, 
PO Box 5800 MS 0753, Albuquerque, NM 87185 
505-844-0032 ¢ Fax: 505-844-1504 

mbrown @ sandia.gov * www.sandia.gov/pv 


Judy Knox, Out on Bale, 1037 E. Linden St., Tucson, 
AZ 85719 © 520-622-6896 © dawnaz @ earthlink.net 
www.greenbuilder.com/dawn 


SEI will offer two women’s photovoltaic workshops in 
the spring and summer of 2001. Contact SEI for dates, 
or keep your eyes on the SEI ads in Home Power. 


For FREE information call or visit our web site: 


www.snorkel.com 
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Bargal 


Click and $AVE 
We bring you the BEST Price ! 
Free Shipping* + NO SALES TAX = BIG Savings 


RVPower Products 
50a $B50 
SB50D w/Display 


20a S$B2000 $199 ; 

Trace C-40 $153 www.BargainSolar.cCom 
Trace SW2512 $1760 The Right click to make. 
Trace $W4024 WE SAVE YOU MONEY! 


You will see that we can 
Trace DR1524 save you HUNDREDS, even 
Siemens SP-75 


Thousands of dollars on 
Siemens SR-100 TOP OF THE LINE equipment. 
Harris Hydo All of the equipment we offer 
comes with the industries 
12v Delco | nzi BEST Warranties. We DO NOT 
E-Meter 
std. w/o Shunt 


sell used or factory 
refurbished equipment. 
Contact us on the web or by’Phone/fax at (541)592-4355 
OR EMAIL US AT sales@bargainsolar.com 
*Shipping to the Continental US ONLY,Outside call for quote 


Beautiful hand selected cedar, still 
water and a gentle warming fire in your 
Snorkel stove are all you'll need to 
enjoy a relaxing soak, gazing at the 
evening stars in your Snorkel Hot tub. 

Affordable hot tubbing can become an 


every night pleasure. Once you have 
your tub... the evening stars are free! 


For information call or visit our web site: 


Snorkel Stove Company Wood Fired Hot Tubs Dept. HP008D 
4216 6th Avenue S. Seattle, WA 98108 
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Upcoming WOrnksnGps: 


In Garoonskile, Golorzslo 
Successful Solar Businesses 
PV Design and Installation 
Advanced Photovoltaics 


August 5-6 
August 7-18 
August 21-25 


Jn the S20 Jue Islinieds, Wasi ton 

Microhydro Power October 13-15 
PV Design & Installation October 16—21 
Wind Power October 23-28 
Renewables for the Northwest October 29 


OQVer ine niternet 


PV Design Distance Course Sept. 4—Oct. 13 


ernat. 


mirth) f 
0) sz) 


Photovoltaics 
Wind Power 
Microhydro Power 
Solar Home Design 


Natural House 
Building 
Straw Bale 
Construction 
Solar Cooking 


RE for the 
Developing World 


Successful Solar 
Businesses 


Hands-On Education ¢ Sustainable Development 


voice: (970) 963-8855 ¢ fax: (970) 963-8866 
e-mail: sei@solarenergy.org * web: www.solarenergy.org 


P.O. Box 715, Carbondale, Colorado, USA 81623 


SUNRISE = SLOW/PUMP*FLOWLIGHT BOOSTER PUMP# SOLARFORCE #SOLARAM#=SOLAR CENTRIFUGAL 


(FILL IN THE BLANK) 


Running an inefficient water pump is like throwing 
money down the drain. Dankoff pumps reduce your 
power consumption, saving you money from the day 
you buy your system. Ask your dealer for details or call 
us toll free at 888-396-6611. You can also visit us on 
the Web at www.dankoffsolar.com or e-mail us at 
pumps@dankoffsolar.com. 


The answer's so simple. Get a Dankoff pump. 


=SOLARFORCE#*SOLARAM#=SOLAR CENTRIFUGAL®#® 
"dNNd YALSOOE LHDITMOTA *dNNdMOTS *ASIUNNS=# 


TWONAINLNAD YVIOS *WVAVIOS *3DNOANV IOS *dANNd YALSOOE LHDITMOTA *dNNd/MOTS *4SIUNNS 


POWER LEVELS FROM 1KW TO 60KW 
OUTPUT VOLTAGES OF 100,120,230 
INPUT VOLTAGES OF 12 TO 108 wx 
20+ YEARS MTBF 

EXPANDABLE 

MODULAR 

REMOTE CAPABLE 

“HOT” SWAPABLE 


EXELTFCH 


2225 &. LOOP £20 N FTL WORTH, TEXAS 7otts-7108 
FOUL FREE: 800.486.4683 VOICE: 817.595.4969 FAX: 817.595.1290 
WEBSITE: WWWEXELTEQGLCOM E-MAIL: INFOG@EXELTTCH.COM 


COMING SOON 
BATTERY CHARGERS. 
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NORTHAWest1r 
ENERGY 
STroRacGe 

simple! 


We Make Batteries 


up Solar-One 


For more information contact us today 


(800) peed ae 10 Year Factory Warranty 
ax: = 
6791 South Main, Suite C, 2100 deep cycles, 
Bonner’s Ferry, ID 83805 guaranteed in writing. 


WwwW.nwes.com batteries@nwes.com 


Renewable Energy & Sustainable Living Workshops 


Summer/Fall Workshop Schedule ““eemicss 


Straw Bale Construction, Amherst, WI August 11-13 
Straw Bale Construction, Amherst, WI August 19-21 
The Solar Lifestyle, Custer, WI September 9 
PV System Troubleshooting, Green Bay, WI September 16-17 
Infloor Radiant Heating Systems, LaCrosse, WI September 23 


Solar Hot Water Systems, Newberg, WI September 30 


==. 7 ‘=s-| Solar 
Photovoltaics, Wind, Hydro = . rer ____| Hot Water 


Call or write for more information and course descriptions. 
Midwest Renewable Energy Association, 7558 Deer Rd., Custer, WI 54423 
phone (715) 592-6595 ¢ fax (715) 592-6596 ¢ mreainfo@wi-net.com * www.the-mrea.org 
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‘Day, Sum! 
Solar Car race in Australia 


‘a 
> ne. — 
“Tony Pereira ~ _ - 
° . ©2000 Tony Pereira 


+e 
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Mushashi Tech ready to go at 8 AM. Notice the “highway”—no shoulders for 1,870 miles. 


he World Solar Challenge is the 
world’s most grueling solar race. It 
is held about every two years, and 
runs through the heart of Australia, from 
Darwin to Adelaide. The entire 1,870 
mile (8,010 km) course is traveled using 
only the power of sunlight! 


Race Official 

As a race official for the 1999 event, my functions 
included starting and stopping the solar cars along the 
course, logging the event, setting time and battery 
penalties, keeping the official race time, and race 
safety. Each race official was assigned one car ata 
time. This usually lasted one day, or until the next 
control stop was reached. Then officials had time to 
take showers, fill water bottles, buy food and supplies, 
get the logbook from the previous team observer, and 
move to another solar car team. 


Each car had its own official logbook with all the 
technical details, pictures of the car, weight, type and 
number of batteries and solar panels, names of all 
drivers, etc. | logged all times and events, penalties, 


and penalty times for each team that | officiated for. By 
the end of the race, | had observed and logged four 
different teams. 


My job included not letting the solar car | was assigned 
to out of my sight. This meant driving right behind the 
solar car for the entire course, and sleeping alongside it 
at night. | did this for ten days and nights, from the 
beginning of the race in Darwin to the end of the race in 
Adelaide. This is roughly the same as driving from Los 
Angeles to Chicago, or from Costa Rica to Los Angeles. 


Shoulder to Shoulder 

The race course is divided into six segments, each with 
a control stop, usually around a significant town or city. 
These are about 300 or 400 miles (480-640 km) apart. 
The “track,” as it is affectionately called, is a two-way 
country road with no shoulders, and no middle divider, 
but it is called a highway anyway. Shoulders are gravel, 
and so are all the parking and rest areas along the way. 


There were forty entries from eleven countries in the 
race, including France, Denmark, Germany, England, 
Italy, Malaysia, Canada, Australia, Japan, and the U.S. 
The U.S. was represented by several universities, 
including the Massachusetts Institute of Technology 
(MIT), the University of Wisconsin, the University of 
Missouri at Rolla, and the University of Minnesota. Two 
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American high schools—one from Texas and another 
from New Jersey—also had entries. Solar Motions, the 
only car from California, won the Private Class (an entry 
made in the name of an individual or group of 
individuals). The team made a great attempt to win the 
race after a disastrous crash destroyed their front wheel 
right at the start. 


Rules 

The rules for the solar race are straightforward, but the 
engineering puzzle it presents is less than simple: Put 
up to 8 square meters (86 square feet) of solar panels 
on wheels. Build the fastest and lightest car you 
possibly can. Drive to the finish line almost two 
thousand miles away, observing all street signs and 
speed limits. Travel is only allowed from 8 AM to 5 PM, 
and all battery charging must be solar only. 


All the solar cars must survive two days of inspection at 
the beginning of the race for compliance with the race 
rules, engineering, construction, and safety. Then they 
are issued a temporary street license permit and 
license plate by the Northern Territories DMV. 


Engineering 

Most solar cars of this type are built using a carbon 
fiber monocoque chassis, which is very light and strong. 
Other alternatives are welded tubing chassis of either 
cromolly, aluminum, or titanium tubing with a fiberglass 
shell. Conventional flooded or gel cell lead-acid 
batteries were used on half of the solar cars, with the 
rest using nickel metal hydride or lithium-ion batteries. 


Most cars had 30 to 40 amp-hours of storage at 
voltages from 80 to 144 VDC. The PVs in the solar cars 
were of various types, but mostly 
pure silicon, with efficiencies from 8 
to 27 percent, the latter being 
claimed by a manufacturer from 
Germany. 


Motors used were from 1 to 4.5 KW, 


roughly equivalent to 1-5 > 


horsepower nominal power rating. t| * 


Most of them were built by UNIQ 
Mobility, and New Generation 
Motors (NGM) in the U.S. This last 
motor was the favorite, and it was 
developed, designed, wound, milled, 
built, and licensed to NGM by the 
Northern Territories University in 
Darwin. Many of the solar cars were 
using maximum power point 
tracking (MPPT) units, built either in 
Australia or Japan. 


A Variety of Teams 
There were several phenomenal 
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entries in the race. An entire solar race family—Team 
Kirenjaku—came from Hokkaido, Japan. The team 
included a couple who built the car, and spent 
US$40,000 of their own money on the car, travel, and 
race expenses. Their son drove the car most of the 
time—sometimes for eight hours straight—and their 
teenage daughter also drove at times. 


One of the teams was from the Musashi Institute of 
Technology in Japan. It included six engineering 
graduates and five students. The graduates picked up 
the whole US$40,000 tab by themselves with no 
sponsors, and paid for the students’ expenses. 


Another team was from Kormilda College (a college is a 
high school in Australia) in the Northern Territories. 
They raised the entire budget of about US$40,000 by 
selling lemon pie and chocolate cake at fund raisers. 
Wow! These teenagers were brand new drivers, and 
they finished the race. 


Another team of about fifteen totally average, 
inexperienced youngsters from Japan—Team 
Junkyard—built a phenomenally small car with off-the- 
shelf parts, and finished seventh. They won the 
Australian Greenhouse Office efficiency prize over all 
cars in the race, which is based on a complex formula 
for efficiency, weight, energy consumption, and speed, 
among other criteria. 


Winners 

The winning team, Aurora, was a group headed by an 
ex-Ford Australia engineer, with an impeccably built car. 
They finished the 1,870 miles (3,010 km) in five days 
(41 hours 6 minutes, to be exact), with an average 


At the finish line in Adelaide, after 1,870 miles on solar power alone. 
The author (left) is in the race official’s white shirt. 
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Australian-made Aurora, the winner in the general race. 
Notice the impeccable craftsmanship. 


speed of 45 mph (73 kph). They did this driving only 
from 8 AM to 5 PM. Can you beat that in your gas car? 
They did have the highest budget—approximately 
US$200,000—mostly from Ford Australia. 


Second place was taken by Queens University in 
Canada; third by the University of Queensland, 
Australia; and fourth by the Northern Territories 
University, also from Australia. These three teams 
finished within minutes of each other. The U.S. MIT 
team finished eighth overall, and won their category— 
vehicles that only use terrestrial-grade cells. 


The race was sponsored primarily by the Greenhouse 
Office and Transportation Department of the Australian 
government. With a total administrative budget of about 
US$600,000, it took about US$15,000 per car for 
administration alone. Several high officials were present 
during the race, including the Australian transportation 
minister and the Australian energy secretary. | was very 
impressed by the level of commitment to renewable and 
sustainable technologies by these elected officials, as 
well as their knowledge of the issues. 


A welded cromolly chassis with a fiberglass shell. One of 
the heaviest entries, at over 660 pounds (300 kg). 


The “solar family” shipped the truck in the background 
from Japan, with their solar car inside. 


Issues 

The media has hyped the concept of solar cars so that 
some people might be saying, “Who’s afraid of no oil, 
the greenhouse effect, or air pollution?” But we aren't 
there yet. These are custom-made specialty cars, not 
available to the average person. Although it is 
encouraging to see them, it may be years before the 
technology comes to the masses. 


There’s a huge energy investment to make this “solar” 
race happen. To get to this race, | jumped on a 747 that 
burned some 70,000 gallons of jet fuel. After a couple of 
additional short flights, the total was about 100,000 
gallons. Each solar car must have a support team of 
one safety car in front and a follow-up car behind. Most 
teams had four conventional gas cars, including one 
with the trailer for the journey home. All of this uses 
huge amounts of non-renewable fuel. 


These cars are not completely ready for real-world 
conditions either. One team | rode with forgot to test the 
car for rain. And none of the solar cars had windshield 
wipers. Other than brake lights and blinkers, the cars 


Front suspension, double wish bone, 
and Dunlop Super Solar tire. 
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The Kormilda College Lemon Pie Budget Solar Car— 
not a lemon. 


are not equipped with driving lights, even if most can 
easily drive a couple hundred miles on fully charged 
batteries alone and no sun. 


The tires, most of which are made by Michelin and 
Dunlop, are 14 by 2.5 inches and cost US$300 each. 
They do not last more than about 300 miles (480 km), 
so trying to keep one of these cars in tires would wreck 
my allowance. Most teams used more than ten sets 
each, and were changing tires every night, as soon as | 
gave them the stop signal to get off the road. 


Stop-and-go city traffic was another hazard. One solar 
car toasted their US$1,200 electric motor because of 
rush hour traffic in Adelaide, one mile from the finish 
line. It's commendable that most of these cars survived 
this race, but that doesn’t mean they are ready to 
replace the average American car. These are generally 
bare bones vehicles, without many common automotive 
amenities. 


Safety is another concern. Solar cars are capable of 
sustaining speeds of 80 mph (130 kph) and higher. 


The electronic boards are MPPT; 
the fire extinguisher is optional equipment. 


University of Queensland’s Sunshark, 
third-place winner in the general race. 


Even with the mandatory three-point safety belt harness 
and rollbar, | wouldn’t want to be in a crash at those 
speeds in such a small and light car. The Australian 
road trains (long-haul trucks with three to five trailers) 
are an awesome sight. | counted 62 wheels on the 
average road train, and 82 on the largest. Just one of 
those wheels on top of a solar car would destroy it. 


Looking Forward 

At best, the race is a proving ground for new solar 
technologies. It is not the place where your next solar 
car model is going to be introduced, to be picked up at 
the solar car dealership the following year. Maybe we 
could travel this way every day, with a few engineering 
and safety changes, together with a decent, safe, and 
well planned infrastructure. Infrastructure is the key 
word here—it’s what we don’t have for these solar cars. 


The next World Solar Challenge will be in 2001. The 
race will leave Darwin on November 18th, and will end 
in Adelaide to coincide with the International Solar 
Energy Society World Congress being held there. In the 
U.S., the American Solar Challenge is slated to run 


Pilot seating, with minimal comfort, typical of all 
solar cars. All black panels are carbon fiber. 
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from Chicago to Los Angeles in July of 2001, with 
segments ending in Missouri and Nevada. 


Maybe we could also organize a solar race that is truly 
sustainable, without the use of gas, with organic food, 
going from one sustainable community to another. Such 
a race would need a different set of rules based on 
efficiency, sustainability, and cost, not just the first to 
cross the finish line—how superficial and 
unimaginative! It’s something to think about. Let’s talk. 


Access 
Tony Pereira, 1501 E. Carson St. #15, Carson, CA 
90745 * 310-549-3077 * bk931 @lafn.org 


World Solar Challenge, GPO Box 1972, Adelaide 5001, 
Australia * +61 8 8463 4690 « Fax: +61 8 8463 4717 
wsc @ saugov.sa.gov.au * WWW.WSC.Org.au 


American Solar Challenge, PO Box 30, Freeman, MO 
64746 ¢ 800-606-8881 or 816-899-5511 
Fax: 816-250-5430 * hq @formulasun.org 


www.formulasun.org 


Pea 
mA 


2 Need a High Efficiency Refrigerator 
for a Harsh Climate? 


SCN FIROST 


P.O. Box 1101, Arcata, CA 95518-1101 
Phone: 707-822-9095 Fax: 707-822-6213 * www.sunfrost.com 


SOLAR CONTRACTING SINCE 1977 


4,000 REFERENCES AVAILABLE 


FULL SERVICE DESIGN & INSTALLATION 


Site Surveys / LOAD ANALYSIS / ON-SITE TECHNICAL SUPERVISION 


(Energy 


Conservation 
Services 


Tropical Solar Experts Tralee 


¥ ENGINEERING )} 
Tom -., Lane...ECS Owners 


(352) 377-8866 


6120 SW 13th Street ¢ Gainesville, Florida 32608 « USA * www.ecs-solar.com PowerPro 


Siemens Solar 
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BACKWOODS SOLAR ELECTRIC SYSiiagaas 
For av arth Restored anda World a Leace 


Independent Electric Power Systems for the Remote Home — Solar Electric, Wind, Hydro 


We are a family business, living with our products for over 20 years, and offer the knowledge to help you set up 
your off-grid home energy system. Free Consultation. Questions are personally answered. 


Our catalog includes a planning guide to help you ae Our $3 Catalog/pl anime 
understand how to put your energy system : is FREE to.Home Power MiMMEEe: 
together—its applications and sizing. We offer ; 4 Lg 

lower than usual prices on Solarex and 

Siemens PV modules, Kohler generators, 

Trace and Statpower inverters. 

We carry Sun Frost, Nova Kool, 

and ConServ freezers, specialized 

appliances and lighting, andarange <— 

of meters and controls: Heliotrope, ~ 

SCI, Pulse, and TriMetric. 


Most items in stock for immediate shipment. We accept VISA, MasterCard, American Express, and Discover 


Steve & Elizabeth Willey ¢ 1395-HP Rolling Thunder Ridge * Sandpoint, Idaho 83864 
Phone: (208) 263-4290 ¢ Fax: (208) 265-4788 ¢ E-mail: info@backwoodssolar.com * Web: www.backwoodssolar.com 


You Can't Always Rely on the Grid 


But you can always rely on Rolls batteries. 


You have invested in an alternative energy generating system. 
Make sure your battery is not your weakest link. Insist on 
North America’s best deep-cycle battery... Rolls. 
e Dual-container construction eliminates potential leaks, stray 
Current, and decreases maintenance 


e Unsurpassed cycling due to the most dense active material in 
the industry 


e Modular construction for easier installation 
e Average life expectancy is 15 years - Warranted for 10 years 


BATTERY ENGINEERING 


1-800-681-9914 


Surrette Battery Company Ltd., Springhill, NS, Canada, BOM 1X0 
www.surrette.com e-mail: jds@surrette. com 
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1-BOD-YI-GREEN 


Concerned about power outages caused by unpredictable natural disasters? Or do you just want to 
be independent from the utility companies? By utilizing solar, wind, or micro-hydro power, you can 
be independent and know that you are doing the right thing for yourself and for the planet. Eco 
Depot can provide you with everything from remote house power to utility intertie systems, Find out 
about ourcomplete system power sheds that are fully equipped for power on delivery. We also 
provide many other sustainable and eco friendly living and building products. Eco Energy Builders 
specializes in the designing and building of passive solar, energy efficient, sustainable buildings such 
as adobe, stawbale, R-control, conere and more, We also do consulting for 


| - 800 - YY - GREEN 
Contact us at our web sites- ECODEPOT. COM, ECOBUILDERS.COM or BCOENERGYHOMES.COM 


Solar & Wind Energy 
Passive Solar Design 


Energy Efficiency 
exmative Re, 


to EN ay, Ources Tod Batteries & Inverters 
To, morrow Alternative Fuels & 
Vehicle Showcase 


Southwest Renewable =. 


Off Grid & Net Metering 


Wastewater Systems 
Children’s Activities 


For more information, contact: 
Greater Flagstaff Economic Council 


September 15-17, 2000 1300S. Milton Road, Suite 125 


Flagstaff, Arizona 86001 
Coconino County Fairgrounds eae 


Flagstaff, Arizona fax 520-556-0940 
AAAA 
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100 Pages of Energy Products 
N eed M ore and Design Guides...FREE! 
\ 


Alternatives? 


——z > 


oO N E WAY Call or contact us today for your FREE 


catalog of alternative energy products 


pon ne eee (800) eee Gun ries 
You Need In Our FAX (208) 267-3973 
FREE Catalog! www.nwes.com  tech@nwes.com 
NORTHAWeST ENERGY STORAGE 


6791 South Main, Suite C, Bonner’s Ferry, ID 83805 


Vanner 
four color on negatives 


7.125 wide 
4.5 high 
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Bill’s electric Bradley kit car. 


ill Nalbandian just can’t help 

himself. He started building one 

electric conversion, then another, 
and then another. He’s now working on 
his fourth. But he isn’t looking for a 
chapter of Electric Cars Anonymous to 
cure him—he’s very happy with his 
addiction. 


How It Began 

Bill got his first taste of electric mobility at an early age. 
When he was five years old, he lived in Ethiopia, and 
his father was a mechanic who had his own auto repair 
business. World War Il came, and gasoline became 
scarce. Bill’s father attacked the problem from an auto 
mechanic’s perspective, and created a solution. 


He took the starter motor from a heavy-duty Renault 
truck, and installed it in a British “Baby Ford,” along with 
a set of batteries. At that time, gas cars used 6 volt 
batteries as starting batteries, so these were what Bill’s 
father used to power the drive motor. Bill was too little 
to remember how many batteries there were, or any 
details of the engineering. But he does remember that 
his family could drive during the war, when no one else 
except the military had gasoline. 


He never forgot that car. Almost fifty years later and a 
hemisphere away, he renewed his interest in EVs when 
he saw a beautiful electric conversion of a VW 
Karmann Ghia at the county fairgrounds. The owner, 
Scott Cornell, told him how he converted the car 
himself, and about the reliable performance he got from 
it. Bill was hooked. Scott told him to call Mike Brown at 
Electro Automotive for parts, and his journey into the 
EV world began. 


Honda Civic 

His first conversion was a Honda Civic. He bought the 
donor car in 1991, from a neighbor just a few blocks 
away. The engine was dead, but the body was in good 
condition. Bill stripped out the internal combustion 
components, and started the conversion process. 


He installed a Prestolite motor with an adaptor to mate 
it to the original Honda transmission. This Prestolite is a 
brushed series DC motor that was used by Jet 
Industries when they were building production electric 
conversions. By the time Bill built his car, the motor was 
no longer in production, but there were still many new 
ones available from various sources, and they were the 
most popular motors among hobbyist converters. 


His speed controller was a solid-state Curtis/PMC 1221, 
which could handle up to a 400 amp draw. The 
controller limits current to 400 amps, to protect itself 
and the rest of the system. The Curtis/PMC controllers 
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were also the overwhelming favorite among 
conversions, but at that time the 1221 was a brand new 
model, an improvement on the earlier model 21. 


For batteries, he used U.S. Battery model 2200s. They 
were 6 volt batteries, but not the standard starting 
batteries his father had used. These batteries were 
designed specifically for the repeated deep discharges 
and high amp draws of an electric vehicle, so they 
would have a longer cycle life than a starting battery. 
His pack consisted of sixteen batteries in series, for a 
total of 96 volts for the system. 


The batteries were contained in plywood boxes. This 
was essential because they were in the passenger 
compartment. Any batteries inside the car must be 
completely contained and ventilated during charging, 
for safety reasons. Bill used the book Convert It, which 
came with his kit, as a guidebook in building his boxes. 


The boxes were put together with construction glue and 
sheetrock screws, with caulking at the seams. The 
material for the box was actually a three-layer 
sandwich: plywood, insulating foam, and more plywood. 
This design keeps the batteries warm, which produces 
more consistent performance, even in cooler weather. 


The finished boxes were primed and painted with an 
enamel paint, and the seal between the lid and box was 
fitted with weatherstripping. The entire box is supported 
in a steel frame, and is vented and equipped with a fan. 
Once painted, the box made a secure and attractive 
battery container that would stand up to moisture and 
acid for years. 


Bill still has the Honda. The only thing he has modified 
is the battery pack. He added two more batteries, for a 
total of 108 volts. The car now has 12,000 miles 
(19,300 km) on it as an electric. Bill’s wife uses it 
primarily for errands around town. “She loves it,” Bill 
said. “Sometimes | talk about selling it, but she won’t let 
me.” 


Rabbit Pickup 

Bill liked the Honda, but felt he could 
improve on it if he did a second 
conversion. For one thing, the 
battery box in the back seat area 
prevents the seat from moving back 
as far as it might. Since Bill is 6 foot 
3 inches tall, this was important. His 
commute to work took about half an 
hour on the freeway. Sitting for that 
long in the Civic was just too 
cramped and uncomfortable for him. 
In 1994, he decided to do another 
conversion. His next choice was a 
VW Rabbit pickup truck. This was 
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Electric Honda Civic conversion. 


more comfortable for him to drive, and had more room 
to carry things. 


Bill used a bigger motor this time, the Advanced D.C. 9 
inch (23 cm) motor. This was also a brushed series DC 
motor, but was in current production. In fact, it was fairly 
new on the market, and had not been available when 
he built his previous car. The founders of Advanced 
D.C. Motors were former engineers from the Prestolite 
company. When their factory was phased out, they got 
together financing, and re-opened it under a new name. 
The 9 inch motor Bill used in the pickup was, in many 
ways, the direct descendant of the Prestolite he had 
used before. The engineers had made it more robust, 
with better internal cooling, and had generally refined 
the design to make it better suited for conversions. 


Bill stayed with the Curtis/PMC 1221 controller. He also 
used batteries from U.S. Battery again, but he moved 


Electric VW Rabbit pickup conversion. 
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Under the pickup’s hood. 


up to the 2300 model. This is the same physical size as 
the 2200, but has more capacity, which means more 
range. He also used twenty batteries this time, for a 
total system voltage of 120 volts. This gave him more 
range and a higher top speed. 


The batteries were secured under the truck bed, this 
time in stainless steel boxes instead of plywood. 
Although enclosing the batteries wasn’t as essential to 
safety as it was in the Honda, it was still a good idea. 
The boxes keep the batteries clean and protected from 
road splash. 


The rear shocks on the truck came in pairs, one facing 
forward and one back. Bill had to rearrange them so 
that they both faced back to make room for his 
batteries. He also had to replace his spare tire with a 
“mini” spare. These changes left him enough room for 
one large stainless steel box containing fifteen batteries 
between the cab and the axle, and a small stainless 
steel box for two more batteries behind the axle. There 
are also three batteries under the hood. 


The boxes under the bed are supported by four U- 
shaped welded steel cradles attached to the frame. For 
service access, Bill cut two openings into the floor of 
the truck bed and made them into hinged hatches. This 
gives him easy access to the batteries for maintenance, 
and still leaves the bed free for cargo. The hatches sit 
flush with the truck bed, and lock with keys for security. 


Bill did all of the design, fabrication, and installation of 
both the Honda and pickup conversions himself. He 
figures each one took about 100 hours of his time. The 
only part he hired out was installing upgraded 
suspension parts on the pickup. The truck had 
McPherson struts, which can be very dangerous to take 
apart unless you have the proper equipment to contain 
the powerful springs when the tension on them is 
released. 
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The pickup is Bill’s primary car. “Of all of my electrics, 
it's my favorite all-purpose vehicle,” he said. He drives it 
18 miles (29 km) to work on the freeway, where “the 
speed limit is 65 mph, and everybody drives 85 mph.” 
But Bill just puts his foot to the pedal, and has no 
trouble keeping up. “I’ve had all three of my electrics 
over 90 mph,” he said. 


Since it was built in 1994, the pickup has accumulated 
18,000 miles (29,000 km) as an electric. He did have 
one problem with a controller, which was repaired. 
That’s the only problem he’s had with any of his EVs. 
Both the Civic and the pickup are old enough to be on 
their second set of batteries. Bill finds that he gets 
about four years of use before he needs to replace a 
pack. 


Bradley 

So Bill and his wife each had an EV that they really 
enjoyed. Bill also had two gas cars, a gas motorcycle, 
and a Schwinn bicycle to which he had added an 
electric assist. You might think that by this time, the 
Nalbandian fleet was complete. 


You would be wrong. Bill’s fingers were starting to itch 
again. Then he learned about an older man who was 


Batteries under the bed of the pickup. 
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selling a Bradley kit car. The Bradley was a popular 
fiberglass body kit that used a VW Bug chassis. The 
factory actually sold both gas and electric versions of 
the kit, and many of the gas ones were converted to 
electric by hobbyists. 


This particular kit had been deteriorating in the owner’s 
back yard for several years, and a lot of the parts were 
missing. He was asking US$4,000 for it. Bill liked the 
car, and liked the idea of building it. He knew it would 
be a challenge, but that was part of the attraction. Bill 
offered him $2,000, and his offer was accepted. 


He was right about the challenge. He had to fabricate 
many of the missing parts himself. Also, this time he 
wasn’t simply installing a new drive system in an 
existing car, he was building the whole car! The project 
took him 10 months. 


For this car, he used the Advanced D.C. 8 inch (20 cm) 
motor. The inch size refers to the motor’s diameter, and 
is the common way people identify which Advanced 
D.C. motor they are using. Advanced D.C. first entered 
the EV market with a 6.7 inch (17 cm) motor, which was 
roughly the equivalent of the old Prestolite, with a few 
improvements. 


The 6.7 inch motor proved a little undersized for many 
applications, so the company introduced the 9 inch (23 
cm) motor that Bill used in his pickup. This was a great 
EV motor, but was actually overdesigned for most 
compact cars. Next, they introduced the 8 inch (20 cm) 
motor, and this was the one Bill chose for his kit car. 


Again, he stayed with the Curtis/PMC 1221 controller, 
although by now this was a newer version, the “C” 
model instead of the older “B” model. The newer model 
has some added protection for its circuits against 
damage caused by high current draws at very low 
speeds. Bill made a more drastic change in his 
batteries, and switched to Trojan 8 volt batteries. 
Fifteen of them gave the Bradley a 120 volt system. He 
had six batteries in front, and nine more in the rear. 


The Bradley body rests on a VW Bug chassis, but 
requires a subframe for the batteries. Building this 
subframe was Bill’s biggest challenge. The rather vague 
set of plans Bill acquired with the car indicated a flat 
subframe that ran straight from the front of the car to 
the rear. However, this would probably bottom out if the 
car had to drive up an abrupt rise, such as a driveway. 


So Bill designed a much more complex two-part 
subframe, with the batteries in stainless steel boxes. In 
the very front of the car are two batteries, and behind 
them are four more, which sit about 2 inches (5 cm) 
higher than the front two. In the back of the car, nine 
batteries are divided up, with four on each side and one 
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in the middle. The ones on the sides are staggered, 
with each battery sitting a little higher than the one 
behind it. By following the contour of the available 
space, he was able to allow better ground clearance 
overall and avoid bottoming out. 


The 8 volt battery was introduced by battery 
manufacturers in response to golf courses that wanted 
to have 48 volt carts instead of the usual 36 volt 
versions. The 8 volt battery fit in the same physical case 
as the 6 volt batteries, but it squeezed in four cells 
instead of three. Since it was the same size as the 6 
volt batteries, it could be swapped with no changes to 
the cart. 


However, the laws of physics just don’t allow cramming 
the same capacity into a smaller space. The 120 volt 
battery pack in Bill’s pickup has 20 batteries in it, five 
more than the 120 volt pack in the Bradley. The system 
voltage is the same, but the battery pack weight and 
footprint is smaller in the Bradley. The range is 
significantly better in the pickup, because the larger 
pack of 6 volt batteries simply has more capacity. 


Bill also notices a larger voltage drop, which affects 
acceleration. When the driver presses the throttle to 
accelerate an EV, the current draw rises sharply and 
peaks, and the pack voltage drops. As the car comes 
up to cruise level, the current draw drops off and 
stabilizes, and the pack voltage climbs again. Since 
pack voltage is directly related to motor speed, a 
smaller voltage drop means better acceleration. 


A fully charged 120 volt pack will actually show more 
than the nominal 120 volts. This is related to the 
“surface charge” on the batteries just after charging. Bill 
noticed that when he first started out in his 120 volt 
pickup with the 6 volt batteries, the current on the 
ammeter would climb to 350 amps and the pack voltage 
would drop from 130 volts to 110 volts. In the Bradley, 
which had the same 120 volt system but used 8 volt 
batteries, the pack voltage fell off from 130 volts to 100 
volts at the same 350 amp draw. 


The Bradley is now three years old, and has about 
2,500 miles (4,000 km) on it as an electric. It has a 
range of about 55 miles (90 km) on a charge. Although 
it's the flashiest of the three, Bill only drives it about 
once a week for pleasure, and takes it to shows. “I’m 
too worried about what I’d do if something happened to 
it,” he said. “You can’t get parts for these anymore. 
What if a rock hit the windshield?” 


All three of Bill's EVs charge from normal 110 volt 
household current, and get a full recharge overnight. 
They use home-built chargers made by John Wasylina, 
one of the early engineering pioneers and geniuses of 
the hobbyist conversion movement. Each of Bill’s cars 
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also has a 12 volt battery to power the accessories, 
charged by a Wasylina-built DC-DC converter. 


What’s Next? 

Is Bill finished building EVs now? Of course not! Always 
looking for a bigger challenge, he has set the bar much 
higher for himself. This time he is building a hybrid. The 
donor is a Daihatsu Charade. So far, the car is stripped, 
and Bill is deep into the design stage. 


Specializing in 


systems design 


Solar Electric, Heating, 
Water, & Appliances 
Including complete CAD 
design services 


He is building his own motor, a high-rpm brushed DC We can supply everything you need to be off-grid... 
motor, but he will probably still use a Curtis/PMC inverters to modules to batteries, including your kitchen stove. 
controller. In addition, the car will have a 6 hp Honda All the best brands... 
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lawn mower engine, which will only run briefly to help TRACE ¢ KYOCERA ower Readers in USA 
the electric motor under acceleration and high power APT ¢ BUDERUS 

demand situations. The motor and engine will connect THERMOMAX 

through a chain drive to a gearbox of Bill’s own design, WATTSUN 

attached to the transaxle. SOLARJACK ¢ IBE 

Bill recently saw an electric race car at a show, and the PEERLESS-PREMIER 

car used nickel metal hydride batteries. These are very 

expensive, but Bill is hoping he can get some eles 

sponsorship from the factory in the form of a good deal 

on a battery pack for his experimental car. He hopes to KYOCERA 

have the car finished within a year. Then he'll have to KYOCERA SOLAR, INC. 

think of something harder to do... P.O. Box 340, 262 Badger Road IPP 
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Must either bust or advertise.” 
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Sir Thomas Lipton — 1870 


Display Advertising 
Advertising Rates per Consecutive Insertion 
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Half Page $840 $756 $714 32.1 
Third Page $600 $540 $510 21.4 
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Sixth Page $334 $300 $284 10.7 
Eighth Page $268 $241 $227 8.0 
Twelfth Page $188 $169 $159 5.3 


Four process color (CMYK) in any sized 
advertisement is a flat rate of $185 per insertion. 
For inserts, and current subscriber/circulation 
demographics, please call us. 


Home Power is published bi-monthly. The ad 
deadline for the Oct / Nov 2000 issue (HP79) is 13 
August 2000. Call 530-475-3179 for further details. 


International Home Power Subscriptions 


Due to the high cost of international mailing, we 
charge more for Home Power international 
subscriptions. 


1 YEAR (6 issues) INTERNATIONAL RATES: 
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Fax: 541-512-0343 


International orders: 


MicroAds 


MicroAd rates are 10¢ per character. Characters 
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Quantities of Home Power magazine are available 
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write for rates and shipment specifics. 


Back Issues of Home Power magazine 
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EARTHSENS 


RENEWABLE ENERGY SYSTEMS FOR PUBLIC EDUCATION 


¢ Demonstration and display systems for education and training 
¢ Hands-on workshops and curriculum 
¢ Custom system design, consultation, and implementation 


EARTHSENSE is focused 

on the education of the 
public through hands-on 
demonstration and inter- 
action. Schools, events and 
other organizations can 
benefit from our full line of 
RE products and services 
designed to be educational, 


functional and fun! 
The “Education Station” 


mobile RE demonstration 


EARTHSENSE 
P.O. Box 301 
Carbondale, CO 81623 
Phone (970) 928-9272 * Fax (970) 928-9696 


email: sunsense@sopris.net * www.eatthsense.com 


The Educational Division of SUNSENSE 


Water Pumping 


|} Sold wi 4 yrs. warranty & 4 yrs. 
easy financing, the TSP 1000 pump 
|| associates reliability & performance. 
|| Output: 2 - 25 gal. per min. 
Max. lift 230 ft. Ideal for cattle and 
village watering or irrigation. 
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Solar Lantern 


Operational in any 
climate. Completely 
powered by the sun. 
Great for camping, 
boating, hiking, or 
even around the 
house. 


TOTAL ENERGIE 
a5 - Deep well water-pumping 


Sizes: 
S, M, L, XL, XXL 


Full Color 
on Natural Shirt 
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Large Stock of 
Solar Panels 


With over 1/2 million 
dollars in inventory we 
can offer you extra low 

prices and quick delivery. 


TOTAL ENERGIE, the leading European system 
integrator, enters the U.S. with dealer pricing 
and many new exciting products. 
Dealer inquiries welcome!! 


- §50/120-watt panels 

- Pre-payment metering 
systems & charge 
controllers 


- Special pricing for 
nonprofit organizations 


3120 W. Tharpe St. Tallahassee, FL 32303 / 1-800-248-9786 
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Have fun and learn about 
the latest and cleanest 
ways to design, build and 
power our homes, farms, 
ranches and businesses, 
and to feed our families. 
Come see the only 
exposition of renewable 
energy, green building 
and organic/sustainable 
gardening and farming 
businesses, organizations 
and agencies in Texas. 


SOLAR 

WIND 
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GREEN & 
SUSTAINABLE 
BUILDING 


ORGANIC & 
SUSTAINABLE 
GARDENING 
AND FARMING 


EDUCATION 


PRODUCTS & 
SERVICES 


3*DAY FAIR 


SEPT 29 - OCT 1, 2000 


feb Kg * TEXAS 


TEXAS RENEWABLE ENERGY 


ROUNDUP 


green living and sustainability fair 


Commercial Exhibits, Educational Displays, 
Demonstrations, Workshops, Tours, Fun, Food, Games, 
Prizes, Competitions, Awards, Music & Dancing 


— PLUS — 


Enjoy the unique town of Fredericksburg and the beautiful Texas 
Hill Country, close to Austin and San Antonio. Lots of shops and 
museums, restaurants and quaint inns, wineries, music and Texas 
German culture, Enchanted Rock and the LBJ Ranch & National Park. 


www.RenewableEnergyRoundup.com 


Building Independence, Security, and a Cleaner Environment... 


ORGANIZED BY 


Texas Renewable Energy Industries Association and the Texas Solar Energy Society 


Russel E. Smith 


phone: (512) 345-5446 
e-mail: R1346@aol.com 


P.O. Box 9507 
Austin, Texas 78766-9507 


Jane Pulaski 
phone: (512) 926-8472 
e-mail: jpulaski@flash.net 


TOP SECBET 


GUERRILLA SOLAR: 

The unauthorized placement 
of renewable energy ona 
utility grid. 


PROFILE: 0001 Update 


BY MAKA RUKUS AND JENNY FREELY 

Home Power asked us to update the guerrilla solar 
article we wrote for issue #67 (page 34). Our small 
guerrilla system is made up of an AC module--a Trace 
MicroSine inverter attached to a 108 watt PV panel. 
All we had to do was mount the module, run an AC 
line cord into the building, and plug it in toa 
standard AC receptacle. 


Since we first fired up this system on April 10, 
1998, we have put 208,827 watt-hours of solar-made 
electricity into the utility grid. At our utility 
rate, that means only about $20 towards paying for 
the system. So we can’t justify this project based solely on 

economics. Larger systems can come a lot closer because larger installations are cheaper per 
watt. On the other hand, we fully expected the total output to be greater than 208 KWH. 


Our MicroSine inverter has the optional computer interface, which monitors its real-time 
performance and cumulative watt-hours fed back into the grid. But this capability does no good 
if it isn’t periodically hooked up to a computer. We have to confess that we hadn’t monitored 
our little system in a year. We assumed it was happily working away up there on the roof. But 
it wasn’t! 


When we hooked it up to get the cumulative total for this update, we found that the inverter 
was not feeding power back to the grid, even though it was a bright, sunny day. AC amps and 
watts both showed zero. The inverter input was showing 40.1 VDC, which should be about open- 
circuit voltage for the 24 volt nominal module. 


But here’s the kicker: the MicroSine reported that the AC grid was at about 136 volts. Like any 
other intertie inverter, the MicroSine will shut down if the grid voltage or frequency is too 
far out of spec. Our inverter was not putting anything out because it thought the grid was at 
136 volts. But the digital multimeter said that the utility line was at 123.9 volts, so 
obviously the MicroSine was misreading the voltage. Trace sent us a new MicroSine, and we are 
sending ours back so they can analyze the failure. Trace’s tech support sure has improved in 
the last two years. 


Could there be a lot of other intertie inverters out there that aren’t working? Instrumentation 
is crucial, but MicroSines are usually sold without the optional computer interface. Since many 
owners would not notice a variation in their electrical billing from such a small solar output, 
they probably don’t have a clue about whether or not the inverter is working. 


One cheap, non-computer solution for checking MicroSines and other batteryless intertie 
inverters is to monitor DC voltage at the module. Put a low-cost meter in a convenient spot in 
the building where you can see it during the day. If the DC volts are within the module’s 
operating range, you can probably conclude that the system is working. If you see open circuit 
voltage on the meter, the inverter is either off or disconnected from the module. Then you’11 
need to check the DC wiring. If it’s OK, then something is wrong with the inverter. Seeing 
extremely low or zero volts would indicate a short circuit, most likely a fried inverter. 


In spite of our recent technical problems, we are proud to be solar guerrillas. We did it 
because it is the right thing to do. We did it to show you that you can do it too. We wrote it 
up for Home Power to stir others to go guerrilla when their utilities give them a hard time. 


ff 
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SunWorld, the official magazine 
The original magazine layouts of the International 


In Adobe Acrobat PDF® format (reader included): Solar Energy Society says, 
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IOWA RENEWABLE ENERGY ASSOCIATION PRESENTS 


ENERGY EXPO 2000 


WARTBURG CAMPUS: WAVERLY, IOWA’ SAT. AUGUST 5, 2000 


The Book on 


Solar 
Cookers 


WORKSHOPS ON ALTERNATIVE ENERGY TOPICS 


Back by Pop ular TOURS OF WIND HYDRO FACILITIES 
Demand ELECTRIC CAR DISPLAYS & DEMOS 
A second edition, he 
fully updated — eee 
and revised. = 
a Includes: 
e Ahistory as well as a who’s who in the . “A | 
solar-cooking movement - ar 
e Guidelines for designing your own cooker SPONSORED BY: 
e Plans for building the SunStar cooker SS.) SE 
with salvaged and inexpensive materials WAVERLY AREA DEVELOPEMENT GROUP 
WARTBURG COLLEGE 


e Tips and tricks for cooking with the sun 


With 200 Photographs & Diagrams ii a Lo ec ae 


S75 Call Home Power Publishing _ 
Outside USA add 800-707-6585 = — : 
$5 for air shipping Outside USA 541-512-0201 ial tag RE egy renee 
_ For more info call 19288-2552 
orvisitwwwireneworg 
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Availa ble Now! Only $25 (outside USA add $10 for air-mail shipping) 


THE NEW 
ELECTRIC VEHICLES 


A Clean & Quiet Revolution 
by Michael Hackleman 


Journey into the world of conversions, 
scratchbuilts, human-electrics, solar cars, 
electrathon racers, planes & boats—all powered 

with electricity. 


272 pages of EV technology, 465 photographs 
(over half in color), and detail on 65 vehicles. 
Includes 115 technical design and construction 

sidebars. 


To order Call: BOO-707-6585 


Outside USA call 541-512-0201 ° Fax: 541-512-0343 


or write to: 


Home Power Publishing — =. 
aa 


Electric !” ——— PO Box 275 © Ashland OR 97520 
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RENEWABLE ENERGY 
with the EXPERTS 


An Instructional Video Series 
on the Basics of Residential Renewable Energy 
Residential Solar Electricity $39, ge 
with Johnny Weiss, 48 min. each 
Johnny Weiss is one of the founders 
and teachers at Solar Energy 
International, in Carbondale, CO. 
Residential Wind Power 
with Mick Sagrillo, 63 min. 
Mick Sagrillo has installed and 
repaired over 1,000 wind turbines. 
Residential Microhydro Power 
with Don Harris, 44 min. Don Harris 
has designed and manufactured over 
1,000 microhydro power plants. 
Batteries with Richard Perez, Editor 
in Chief and founder of Home Power magazine. 
Solar Water Pumping with Windy Dankoff, 59 min. Windy 
Dankoff has been designing and installing solar-powered water 
pumping systems for 15 years. 
Add $5.00 shipping for international orders 
Home Power, Inc., PO Box 275, Ashland, OR 97520 
toll free in USA: 800-707-6585 © 541-512-0201 


, Fax: 541-512-0343 — 
S Web: www.homepower.com mm 


Reviewed in pee 


SOLTEK’s Pure Sine 300 


Sine Wave Inverter 


300W continuous AC power 
Fully-regulated 115VAC 
sine wave output 


For use with: 

12, 24 or 32 V battery 
systems as full-time or 
back-up power 


Clean output quality for: 
@ computers 

@ audio equipment 

@ sensitive electronics 


SOLTEK supplies remote 
power solutions through 
the installation of solar: 
Industrial Power Systems 
Cottage/Home Packages 
RV Power Systems 


Mention this ad to receive 
a free info package! 


#2 ~ 745 Vonalman Avenve 
Victoria, B.C, V8Z 386 
E-moill: soltek@soltek.co 
Phone: (250) 727-7720 
Fox: (250) 727-2135 


S@LTEK 


independent energy solutions since 1986 


Call Toll Free: 1-800-667-6527 


US distributor inquires welcome 


Full range of components 
available including: 
LED lighting 
DC to AC inverters 
Regulators 
Solar modules (5-100W) 


Visit: www.soltek.ca 


SOLAR ON SALE 


Trace Engineering’s # 1 Dealer ! 


At Solar On Sale our one and only goal is to put alternative energy products 
in the hands of the masses, where they belong, for the lowest prices possible ! 


Prosine 1000 Inverter $599.00 
Solar Boost 2000 $199.00 
Photowatt 100 Watt PV $375.00 
Vector 600 Watt Inverter $99.00 
Photowatt 75 Watt PV $295.00 
Photowatt 39 Watt PV $148.00 
Trojan L-16 Batteries $149.00 


Air 403 Wind Generator 459.00 
Kyocera KC120 $539.00 

Photowatt 49 Watt PV $195.00 
Trojan L-16 HC Batteries $169.00 
BP 585 Laser Grooved PV $415.00 
BP 75 Watt PV $349.00 

Hanzi 7.5KW Diesel Gen $2195.00 


Trace prices so low that we can’t even quote them here ! 


Sales & Repair 


Toll Free 1-888-64-SOLAR (647-6527) hin=l={=) 
http://www.solaronsale.com 


19059 Valley Blvd Suite 219 Bloomington California 92316-2219 
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©2000 Mike Brown 


I’m going to convert my car to electric. | want to use 
as many batteries as | can fit. Where do | put them, 
and how do | keep them in place? 


Getting the answer to these questions involves dealing 
with some variables. You will face the reality of how 
much battery room is available in your conversion, and 
how much weight its chassis will support. The variables 
are: 


¢ Battery pack voltage you need/want 

¢ Type of battery 

¢ Placement of batteries in the car 

¢ Box and rack combination, or racks only 
¢ Battery box material 


The first two are major decisions, and beyond the 
scope of this article. For more details, see articles by 
Shari Prange in HP72 & 74. These decisions will 
determine how many batteries you need to use. 


In general, the most common systems used in 
conversions have flooded lead-acid golf car batteries, 
and pack voltages up to 144 volts. For a steel-bodied 
conversion with freeway capability, we recommend a 
minimum battery pack voltage of 96 
volts, and a maximum of 144 volts. 
At voltages above that, components 
such as motors, controllers, DC-DC 
converters, and chargers are more 
expensive and harder to find. 


For the purposes of this article, let’s 
assume that we have decided on a 
120 volt pack made up of twenty 6 
volt golf car batteries. Now we'll 
start trying to find a way to fit them 
into the car to be converted. 


Where? 

The ideal place for the batteries 
would be between the axles, and as 
close to the ground as possible. 
This keeps the center of gravity low 
and centered, which is critical for 
safety and good handling. However, 


this is usually the space occupied by passengers or 
cargo. In most car conversions, you are left with three 
places where batteries can go. 


The first place is under the hood where the engine and 
radiator were. This area should be considered prime 
real estate for batteries. Many people make the mistake 
of mounting every electronic component in the 
conversion on one large mounting plate, and installing it 
in the middle of this area, destroying good battery 
space. It’s fairly easy—and appropriate—to mount 
components (“peripherals”) individually around the 
perimeter of the engine bay. It is nearly impossible to do 
so with individual batteries, so it is important to 
preserve any large open areas for groups of batteries. 


The second place is under (or in place of) the back 
seat. The decision to use this space for batteries or 
keep it for passengers depends on what you need the 
car to do. If you want to use the space for both 
passengers and batteries, check to see if the floor 
under the seat has enough room for the batteries, 
battery box, and battery rack. If so, sinking the battery 
assembly into the floor and modifying the seat cushion 
as necessary is a viable option. 


The trunk or hatchback is the third place for batteries. 
This area has the advantage of usually having a flat 
floor, where you can cut a hole to sink a battery box and 
rack assembly into the structure. 


In the second and third options, the batteries share 
space with the passengers. In these cases, a sealed, 
ventilated battery box with proper hold-downs is 
required for passenger safety. This applies to cars with 
trunks also, since a piece of cardboard is often all that 


A split-level battery pack makes the most of the available space. 


88 


Home Power #78 ¢ August / September 2000 


separates the trunk from the back seat, and this is not 
enough protection. 


In a light truck conversion, there is space for batteries 
under the hood, in a box in the bed, or under the bed 
between the frame rails on either side of the drive shaft. 
Even though batteries under the bed are not in contact 
with the passengers, it is best to put them in boxes to 
keep the batteries clean. A clean battery is a happy 
battery. 


If you are doing a small van, there might be some room 
under the hood, but most of the batteries could go in 
the center of the van under the floor. Another option is 
putting them in a box on the floor, and upholstering the 
box to be used as a seat. 


There are two important things to remember about 
battery placement. The first is to keep the mass of the 
batteries as low as possible to maintain the car’s center 
of gravity for good handling. The second is to distribute 
the weight of the batteries as evenly as you can to 
maintain the car’s front-to-rear weight distribution ratio. 
Too much weight in either the front or rear, or placed 
too high, will make for poor handling and an unsafe car. 


How Many? 

To determine how many batteries go where, you need 
to do some calculations and take some measurements. 
What you discover through these measurements may 
determine whether or not the batteries are enclosed in 
boxes, and what material is used to make the boxes. 


Let’s say we are doing a hatchback car, and start with the 
area under the hatch. We want to sink the batteries into 
the floor of the hatch area, for both weight distribution 
and safety reasons. This means we have to see how big 
a hole we can cut in the floor without interfering with 
frame members, brake lines and hoses, emergency 
brake cables, suspension parts, or the rear axle. 


“Without interference” means “without touching.” 
Anything that touches will rub when the car is in motion. 
Rubbing makes holes, and holes in important places 
make drivers into pedestrians—or casualties. Make the 
potential hole measurements both on top of the hatch 
floor and under the car, where the possible 
interferences mentioned above are located. 


Once you have found the dimensions of a rectangle 
that clears every obstruction, it’s time to see how many 
batteries you can fit in that space. This is done by 
dividing the width of the rectangle by the length of your 
chosen battery. Then try dividing the width of the 
rectangle by the width of the battery. Do the same 
calculations for the length of the rectangle (get the 
battery dimensions from the battery manufacturer, or 
from the table in one of the articles mentioned above). 


GoPower 


This is a rough calculation to determine which way of 
orienting the batteries allows you to fit the most 
batteries in the space given. Do you line up your rows 
side by side, or end to end? This is a rough estimate, 
and the batteries should not take up all the space inside 
the rectangle, since we still need room for racks and 
boxes. 


Sizing for Racks & Boxes 

Now we do some precision calculations to include the 
thickness of the battery box walls and supporting racks. 
Boxes are essential here, since the batteries are in the 
passenger compartment of the car. 


Start the calculations by adding 1/16 inch (1.5 mm) to 
the length and width of each battery. This is to 
compensate for the swelling that occurs as the batteries 
age. Without this extra space, when your batteries 
finally give up the ghost, you could find them hopelessly 
wedged into place. Multiply this new battery dimension 
by the number of batteries in a row across the width of 
the car. To this total, add another 1/16 inch for 
clearance between the last battery in the row and the 
battery box wall. 


Next, take the thickness of the material you hope to use 
for the battery box and double it, since the box will have 
two opposite walls. If you are considering several 
different materials for battery boxes, go with the thickest 
at this point in the process, since space considerations 
might make your material decision for you. (The 
thickest material would probably be 5/8 (16 mm) inch 
plywood.) Add this to the total for the batteries and 
clearance space. 


Now add 1/4 inch (6 mm) to the total to allow for the 1/8 
inch (3 mm) radius on the inside of the angle stock 
used for the rack. This allowance makes it much easier 
to install the battery box in the rack and have the 
bottom of the box sit flat on the rack. If this rack is being 
sunk in the floor of the hatch area as | recommend, it 
will be bolted to the car’s body with bolts through a 
flange on the top of the rack. We must add twice the 
width of the flange to the running total. If the rack is 
being attached to the car in some other manner, you 
only need to add twice the thickness of the rack 
material. 


You now have the total width of the battery box/rack 
assembly. Do the same calculations for the length of 
the proposed battery pack, and you will have the true 
size of the space required for that battery pack. This 
dimension (minus allowance for the flanges) is also the 
size of the hole you need to cut in the floor of the car. 


Now compare the rectangle you measured first with the 
one you just calculated. Does the rack with the 
mounting flange fit in your original rectangle of available 
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clear space? Does the hole size fit within the clear 
space rectangle, with room for the mounting flange? Is 
there clear space under the flange for enough fasteners 
to hold the rack to the body? The answers to these 
questions might be easier to find if you cut pieces of 
cardboard to the size of the flange and hole dimensions 
and see how they fit in and under the car. 


If there is interference with the body in some spot, and 
it isn’t more than 1/4 inch (6 mm), a few clearancing 
blows with a hammer would not be out of order, as long 
as it’s only sheet metal and not a structural support. As 
for the brake lines, hoses, or handbrake cables, a little 
careful repositioning might make a big difference. Go 
about this process slowly and carefully. Remember: 
measure twice, cut once. 


If your space available is close, but not quite enough, 
you might want to think about using a different material 
for your battery box, something that is stronger, so it 
can be thinner. Box materials include plywood, 
fiberglass, polypropylene, and metal. We’ll get into 
more specifics about each of these in my next column. 
This measurement and calculation process is the same 
for the remaining box and rack assemblies in the car, 
and will probably be a little easier each time you do it. 


Under The Hood 

Up front in the former engine compartment, there are 
some other factors to consider. (Yes, air-cooled VW 
fans, | know your engine was at the other end.) The 
battery rack/box dimension measurements should be 
made with the electric motor and transmission installed 
on the mounts you have designed for them, with all the 
shift linkage parts and torque rods in place. It’s painful 
to find a battery sitting where a shift rod has to go when 
it’s too late to change anything easily. 


Since you are replacing a large, upright rectangular 
engine with a small, round electric motor, a fair amount 
of space is opened up. As | said earlier, this is prime 
real estate for batteries, but even a dream lot may have 
a few rocks or trees in the way. 


In a front engine/rear wheel drive car or light truck, 
about all that protrudes into this space is the steering 
column, sometimes the steering box itself, a few inches 
of the adaptor and transmission, and the power brake 
booster/master brake cylinder assembly. This 
arrangement usually results in one box or rack holding 
six to eight batteries, and sitting a little offset toward the 
passenger side of the vehicle. Do your measurements 
and calculations, and see what fits. 


The height of the battery box/rack assembly is an 
additional factor, since the hood has to close without 
interference. Sometimes this question is best answered 
with cardboard mockups. The hood issue is one that 


needs to be resolved very early in the design process— 
mistakes made here can be very hard to correct later. 
Pay special attention to the stiffening ribs on the 
underside of the hood. They stick down farther than you 
might think, and will cause trouble if given a chance. 


On a front engine/front wheel drive car, you may have a 
little of the steering column and the power brake/master 
brake cylinder assembly taking up room. In addition, 
you also have the transmission and its linkage to work 
around. This usually leads to a split-level or two-piece 
front battery pack, with four or more batteries above the 
motor and toward the rear of the car, offset toward the 
passenger side. The remaining batteries end up along 
the front of the car in the space where the radiator 
usually goes. Don’t worry about the different heights of 
the battery packs and the offset. Our Voltsrabbit’s front 
battery pack is configured like this, and it handles very 
well. 


If space is so tight that the additional thickness of a 
battery box is too much, the under-hood area is one 
place where a plain rack with adequate hold-downs is 
enough containment. The car manufacturers usually go 
to great lengths to isolate the engine compartment from 
the passenger compartment. Again, the use of 
cardboard mockups will be a big help in the design 
process. 


| hope this journey through measurements, 
calculations, and mockups has helped you determine 
how many batteries you can use and where they will 
go. Next up is the actual design and fabrication of the 
boxes and racks, which | will get into in the next issue. 
If you are in the middle of the process and can’t wait 
that long, call or email me and I'll see if | can help. 


Access 

Mike Brown, Electro Automotive, PO Box 1113-HP, 
Felton, CA 95018-1113 ¢ 831-429-1989 

Fax: 831-429-1907 * mike.brown @homepower.com 


www.electroauto.com ox 


mee 


= The Best Tool For Solar Site Analysis 
an oe 
= = * Easy to Use 
— * Fast & Accurate 
XT 7 . * Diagrams from 0-66° N & 0-49° S 
BUY ae * Pathfinder with metal case & tripod 
prices 9° $210, Handheld $135 (+ shipping) 
SOP | 3680 Hwy 438, Dept HP — 
/ : Pleasantville, TN 37147 
4 } . Phone & Fax 931-593-3552 t I 
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The Return of the 
PV BULK BUY 


Let’s get together and buy a megawatt or two 


www.solarsolar.com 


Ready to buy PV now? Expert information and better than best prices on 
quality PV modules, inverters and complete systems. For details visit our 
web site at www.solarsolar.com or email joeldavidson @solarsolar.com 

or send a self addressed stamped envelope to: SOLutions in 

Solar Electricity, P.O. Box 5089, Culver City, CA 90231 or } 


= 
call Toll Free 1-877-OK SOLAR (877-657-6527) IPP 
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Bikers 
Get 
Charged 
in Grants 
Pass, 
Oregon 


Ray Ogden 
& Gary Thomas 
©2000 Ray Ogden and Gary Thomas 

sitors to the Grants Pass pe peregel pene tad mL ctiarel 

downtown Grower’s Market now 

have another reason to pause. 
Gary Thomas (The Solar Man) and Ray 
Ogden of Energy Outfitters recently 
completed the installation of their 
Electric Vehicle Solar Charging Station. 
The combination bike rack and solar 
charging station was donated to the city 
of Grants Pass by the two companies to 
encourage the use of alternative forms 
of transportation. 


The new generation of electric-assisted bicycles are a 
wonderful solution for those short excursions to the 
market or post office. Ray says, “Il can be across town 
before you ever get your car out of the garage.” If we 
can get the general public to give more thought to the 
transportation options that are available, maybe we can 
get some folks to leave the gas burner at home when 
they run to town. 


These new bikes are a far cry from the old gas-powered 
moped of yesteryear. The recent advancements in 
battery technology and sophisticated electronics 
provide a level of performance that is often surprising to 
new riders. “When people see me and my wife on these 
bikes, they call us cheaters,” said Gary Thomas. “I say, 
‘Yeah we’re cheaters alright—we’re cheating the oil 
companies!” 
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The bike rack was constructed from locally available 
materials by The Solar Man. The electrical equipment 
was supplied and assembled by Energy Outfitters. 
Power is supplied to the charging station by two 
Siemens SR-50 PV modules. Regulated 12 and 24 volt 
outlets are provided at the charging station to match the 
power requirements of the vehicle being charged. Two 
B.Z. Products 8 amp pulse width modulated (PWM) 
charge controllers regulate the voltage, one on each 
system. 


This is only the beginning. We have plans to install a 
number of these racks around town, depending on 
sponsorship. If EVs become popular with the general 
public, free charging stations could be a great way for 
businesses to attract customers. And with gas prices 
approaching US$3 per gallon in some parts of the 
country, it is only a matter of time. 


Access 

Ray Ogden, Energy Outfitters, PO Box 1888, 136 S. 
Redwood Hwy., Cave Junction, OR 97523 
800-467-6527 or 541-592-6903 

sales @ energyoutfitters.com 
www.energyoutfitters.com 


Gary Thomas, The Solar Man Co., 1205 Jordan St., 
Grants Pass, OR 97526 ¢ 541-479-6610 
solarman @ grantspass.com pore 


vee NEW! Multi-Channel ,%,, 


Power & Data Meter 
The One Meter Solution for Your Energy System 


1-10+ power/data channels; AC, DC, Weather (wind,temp,etc), 
Level, etc 
Power channel data can be displayed independently, added, 
subtracted, divided (efficiency), combined (2 or 3 i user 
selectable 
All channels provide watts, kW-hr, volts, amps, VA, VARs, power 
factor, amp-hour, more 
All channels either net or one way 

© PC interface, any platform with RS-232 interface capability 
(19,200 bps) 

¢ Easy to install current sensors, meter can be AC or DC powered 
Logging and other special features are available 
Upgrades/options include: modem, internet connectivity, UHF RF 
link, fergie) easy upgrades, equipment control, more 


Call or check our website for more information and pricing! 
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NO SLICK SALESMAN NO HASSLES NO FINE PRINT NO BULL 


DISCOUNT SOLAR 


“Our Name Means a Great Deal!” 


100% Money Back Guarantee 
We Install and Service What We Sell 


Thousands of Satisfied Customers 
Since 1992 


Western Arizona’s Largest Solar Dealer 


Do It Yourselfers Welcome 
RV and Cabin Systems are Our Speciality 


Call (520) 927-4551 
FREE Solar Design Guide at 
www.DiscountSolar.com 


KYOCERd 


Authorized Distributor 
UM"-SOLAR 


heart interface 
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eg 
SS Pp 
Things that Work! 
Model 4-1850 
Home Power #67 
Available Models: Single Channel 
Model 4-1850: Watts, kW-hrs, User Cost, & Average Monthly Cost. 
Model 20-1850 and 20-1850CI: Watts, kW-hrs, User Cost, Average Monthly Cost, 
Amps, Volts, Power Factor, Vars, V-A, & Peak Watts. 
Model 21-1850CI: Data logging unit with Model 20 capability plus on board 
memory to accumulate data over prolonged periods for download to computer. 
Price: 4-1850 = $149.95, 20-1850 = $249.95, 20-1850CI = $299.95, 
21-1850CI = $349.95, Multi-channel: Call 


Price includes domestic shipping and handling. Maine residents add 5.5% sales tax. Cl = 
Computer Interfacing: includes RS-232 interface, cable & software. 


¢ Measures overall power consumption and cost of operation. 

¢ Use to measure 117 VAC circuit loads up to 1850 watts and determine sizing 
requirements for backup power supplies and circuit protection. 

¢ Current Transducers now available! Ratings from 5 to 100 amps. 

¢ Brand Electronics ships customized units on a routine basis. 
We welcome an opportunity to discuss your power measurement 
applications; AC or DC; any voltage, current, or plug configuration. 


BRAND DIGITAL POWER METERS 


Call today! To order, call toll free 24 hrs. 


1-888-433-6600 i 


http://www.brandelectronics.com 
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e 
Brand Electronics GS 
421 Hilton Rd., Whitefield, ME 04353 
For information only, call 207-549-3401 ¢ Fax 207-549-4568 


email: info@brandelectronics.com 
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Ohm’s Law— 
Basic Electrical 
Equation 


lan Woofenden 
Derivation: Named for Georg Simon Ohm, 19th century 
German physicist and mathematician. Ohm made key 
discoveries about the nature of electricity. 


©2000 lan Woofenden 


In previous columns, I’ve covered volts, amps, and 
ohms. Now it’s time to talk about all three together, and 
their relationship to each other. Voltage is electrical 
“pressure”—it’s the push that makes electrons move. 
Amperage is the rate of electron flow—the number of 
electrons per second passing a point. An ohm is the 
unit of electrical resistance—the “drag” on electron flow. 


Or as a friend in Texas says about her grandson, “Volts 
are Matthew’s determination, amps are how quickly he 
can get to where he is trying to go, and ohms are his 
denim pants and the carpet, which slow down his 
crawling considerably.” 


There is a direct relationship between volts, amps, and 
ohms that is fundamental to electrical theory. It is 
described in what we call Ohm’s Law. Written as an 
equation, it’s generally shown as E = |x R. 


E in the equation stands for “electromotive force’— 
voltage. | stands for electrical “intensity’—amperage. 
And R stands for resistance—ohms (Q). So the 
equation could be written V = A x Q, or volts equals 
amps times ohms. 
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If it's true that E =1 x R, it’s also true that |= E +R, and 
R = E +I. Take a look at the diagram below. Cover any 
one of the three elements of the equation with your 
finger—this is the element you are trying to solve for. 
The remaining two elements give you the rest of the 
equation. If one element is above the other, divide the 
top one by the bottom one. If the remaining two 
elements are beside each other, multiply them. 


So if you cover the I, you are left with E over R. This 
means that | = E + R, or in other words, that amperage 
equals voltage divided by resistance. 


Play around with the equation and the diagram, and try 
to get your brain around the concepts. It should improve 
your understanding of basic electrical principles. It 
takes time to grasp what this equation is saying, and 
there’s no substitute for thinking it through repeatedly. 


Practically speaking, Ohm’s Law tells us that higher 
voltage gives us more push, and that we can move 
more electrons with this higher pressure, given the 
same resistance. It also tells us that lowering resistance 
is key, since the electron flow at a given voltage is 
directly proportional to the resistance in the conductors. 


If Matthew’s determination increases, his grandma 
better not leave the breakables within reach for very 
long. And he may soon figure out that if he gets rid of 
those pants that are dragging him down, he'll outrun his 
grandma more often. Ohm’s Law does have some 
technical exceptions, as does Grandma’s. But I'll leave 
bending these laws to serious electrical nerds, and to 
Matthew. 


Access 
lan Woofenden, PO Box 1001, Anacortes, WA 98221 
Fax: 360-293-7034 ¢ ian.woofenden @ homepower.com 
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Our website has free information on "Using a battery 
monitor to help maintain your battery system, conserve 
energy and troubleshoot problems." the trimetric T2020 


For beginning or intermediate level, our website 
explains the basics of "volts", "amps", and "amp-hours' 
for people who are new fo electricity. We have 
information on maintaining your batteries and hints on 
minimizing your generator usage. The website also 
describes how the TriMetric measures the energy 
content of your batteries. We list complete TriMetric 
instructions, information on shunts, and trouble- 
shooting meter installation problems. Some files are in 
"Adobe Acrobat" format. Or mail us $1 for postage 
and we'll send it to you the old fashioned way! 


BOGART ENGINEERING sess ce, nnn annnes 


19020 Two Bar Road, Boulder Creek, CA 95006 amp-hours), battery lifetime total amp-hours, 
highest and lowest battery voltage, days since 
(83 1 ) 338-06 1 6 fully charged, and days since equalized. Mounts 

in standard "double gang" box (optional). 


www.bogartengineering.com Under §200 including shunt. 


Wind & Sun 


Serving customers around the world for over 20 years 


Partial list of manufacturers 
Astropower - Unisolar - Kyocera - Solarjack & Sunrise submersible pumps - Thin-Lite - Concorde AGM batteries - Siemens - Two Seas Mounts - Solarex 
Crown batteries - Rolls-Surrette batteries - Trace - Statpower - Morningstar - BP Solar - Shurflo pumps - Exeltech - TriMetric - Zomeworks 
Southwest Windpower - Solar Converters Inc. - Heliotrope - Delta Lightning arrestors - Dankoff solar pumps - Invertrix — and many others. 
Check our new online webstore at www.solar-electric.com for these and many other specials. 


Siemens SP75 - 75 watts, 25 year warranty: $365 each for box of 2 or more Trace DR3624 3600 watt modified sine wave inverter: $1139 
Kyocera KC120 - 120 watts, 20 year warranty: $579 each Trace DR2424 or DR2412 2400 watt modified sine wave inverter: $995 
Unisolar US64 - 64 watt thin film triple junction: $289 each Kyocera KC80, 80watt, 20 year warranty, $379 
Trace SW4024 or SW4048 4kw sine wave inverter: $2350 BP Solar BP75, 75 watt, 20 year warranty, $369 


All trace SW power panel systems on sale — up to 30% off! 


Prices do not include shipping. We accept all major credit cards. All items may be ordered any time, any day from our online store. 
Get our set of 3 - Catalog, Solar Design Guide, and Solar Water Pumping Guide for only $7.50 postpaid. 
See our online catalog and complete guides to solar at www.windsun.com 
www.solar-electric.com (online store) 


Northern Arizona Wind & Sun, Inc. 


Phoenix, AZ 2725 E Lakin Dr., Flagstaff, AZ 86004 
888 881-6464 - Fax: 623 872-9215 800 383-0195 - 520 526-8017 - Fax: 520 527-0729 
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he past year has been good to 

the renewable energy (RE) 

industry. Manufacturers, 
distributors, and dealers are doing well. 
Meanwhile, governments and utilities 
have gone about as far as they can go 
with RE education. | think RE non- 
profits are the real hope for the future of 
renewable energy, and these groups 
should be supported by RE companies 
and users. It’s time to turn some of the 
industry’s good fortune into RE 
education and advocacy to continue 
growing the industry. 
Good Times for RE 
More systems have been installed and more solar 
modules sold in the last year than in any previous year. 
Sure, Y2K fears had an effect on the record sales, but | 
am hearing that many dealers continue to do well. | 
attribute this to PV prices steadily dropping over the last 
several years, and to end users with larger disposable 


incomes. More of you have been willing to invest in RE 
projects for your home than ever before. 


The RE industry and its consumers make up a very 
unique portion of our society. Both of these segments 
are interested in RE for similar reasons, the most 
important of which is concern for our environment. RE 
businesspeople started their companies because they 
wanted to make their living in an industry that they 
believe in—one that helps our environmental future. 
Customers are buying from them for the same reason. 


Citizens, environmental groups, and activists are 
discovering the connection between energy and the 
environment. They are realizing that RE is not the 
energy of the future, but is available now, and is 
becoming affordable. We are on the verge of the cost 
breakthroughs that we have been wanting for years. 
Now the larger public needs to become ready to use RE. 


Education is the Key 

It is time to shift educational efforts into high gear, so 
the public will be knowledgeable enough and ready to 
buy into home-scale RE when the price is right. If we 
wait to educate until the price has come down enough 
to create more demand, we will be stuck with a 
significant lagtime as people slowly learn about RE via 
the market. 


The more the industry and activists get out there and 
spread the word, the more end users will receive it. As 
businesses begin to see the financial benefits of RE 
education, they will be in an even better position to 
support still more educational projects. And as a 
growing number of RE equipment buyers begin to see 
price breaks within the RE industry, they too will be 
more willing and able to support RE education. 


We will eventually see exponential growth for RE, on 
the home scale as well as on the utility scale. | am 
looking for ways to accelerate this growth. Home Power 
magazine has been working for RE expansion for over 
thirteen years. But not that many folks are exposed to 
our rag, so we alone cannot make that exponential 
growth happen. We need to hit the mainstream. 


Community Takes Over 

For too long we’ve relied on the government and the 
utility industry to take the lead in bringing the public into 
our fold. But government is too slow to move, and 
suffers from too much special-interest influence to get 
the job done right. And the utilities are extremely fickle 
about their support for RE. We still need to get 
governments and utilities on board, but there are other 
important baskets to put our eggs into. 


Some government programs as well as recent media 
coverage about the international carbon dioxide crisis 
have helped the larger non-profit environmental and 
social justice groups to understand how important RE 
is. As the big non-profits slowly come on board, they 
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encourage others. Individual activists get re-inspired, 
and more support goes to the smaller, local groups. 


Put Your Money Where Your Mouth Is 

The time is right for both the sellers and the users in our 
industry to start supporting non-profits and projects that 
can accelerate our renewable energy future. The RE 
industry is doing better than in years past, and 
consumers have more disposable income. So let’s 
divert some of our money and “invest” it with the 
organizations that can do the most to promote RE. 


We'll see a double return from this type of investment. 
First and most important, the environment will do better 
from the increased energy awareness and change in 
energy production. Second, as increased demand 
results in new and more efficient manufacturing, we will 
see a corresponding decrease in the prices of PVs and 
RE equipment. 


If every Home Power reader gave $200 per year to help 
educate the public about RE, more newbies would 
begin to buy RE products. This would result in 
increased production and production efficiency, which 
means lower prices to the end user. You may find that 
you save more on your next PV purchase than the $200 
you invested. What a deal! 


Support Local Efforts First 

So how can we make our investments best serve the 
RE future our world so desperately needs? I’ve come 
up with a three-pronged strategy. First, support your 
local grassroots organizations that are working on 
energy-related issues. If you are not sure who they are, 
call a local or regional RE installing dealer for a referral. 
If that doesn’t help, drop me a line and | will try to find 
groups in your area. 


Find out what projects are being worked on by your 
local groups, and encourage them in their efforts to 
educate and energize the public about RE. Some 
particularly effective projects are energy fairs, 
community workshops, and mobile RE systems set up 
to power events. People really get excited about solar- 
powered sound stages and events, though they are not 
easy or cheap to organize. 


Much of the public has been brainwashed to think that 
solar doesn’t work. When someone shows up with a PV 
system on a trailer to power an entire concert in the 
park, there is almost always a stream of curious and 
interested people. Redwood Alliance built a small 
garden cart with batteries, an inverter, and a couple of 
PV modules. It drew so much interest at a recent craft 
fair that by the end of the day, | was hoarse. 


Another idea is to work with a local granting agency. 
Most urban and semi-rural areas, and many rural areas, 
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have community foundations set up to help match 
donors with local non-profits. You might set up an RE- 
focused fund within that foundation that would attract 
other donors, thereby increasing the potency of your 
own investment. | do realize that many of us are not in 
a position to help financially. But remember that the 
same local groups that could use your funds will also 
value your donated time and energy. 


Big RE Groups 

The second most important facet of my three-pronged 
strategy is support for the national and international 
groups that recognize the importance of an RE future. 
See below for a partial list of larger groups that are 
doing good work. If you decide to invest in their efforts, 
be sure to let them know how important you believe RE 
is to our world’s future. 


Another sub-strategy would target those groups that 
should be working on RE issues but are not, or are 
barely scratching the surface. Let them know that you 
are a new supporter, and that if they want to keep that 
support, they should start working on important energy 
issues. 


Keep Fighting the Bad 

Finally, we need to do everything we can to overturn the 
chokehold that non-renewable industries have on us. 
That means not only supporting the groups that are pro- 
renewable, but also supporting those with “anti” 
missions focused on eliminating dirty energy 
technologies. These groups are keeping the reasons 
for renewable energy crystal clear, and at the same 
time making sure that environmental degradation is 
kept to a minimum until RE gains its foothold. 


Some of My Favorites 

Over the years I’ve developed a liking for several 
organizations that do excellent work. There are many 
other groups out there that work on energy-related 
issues, and you may prefer to support them over my 
own favorites. | decided that energy was the area for 
me to concentrate my activism and monetary 
contributions, but | also help out groups local to me that 
work on other important environmental and social 
justice issues. Here are a few of my favorite national 
and international groups. Please support them and let 
them know how important their work for a safe energy 
future really is. 


The Committee For Nuclear Responsibility: This 
non-profit, educational group provides independent 
analyses of the health effects and sources of ionizing 
radiation. John Gofman, founder and director, is a well- 
known physicist and physician who has done much to 
publicize the effects of ionizing radiation. 
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Public Citizen's Critical Mass Energy and 
Environment Program: Ralph Nader founded this sub- 
group of Public Citizen. The organization has been a 
powerful voice for protecting natural resources by 
promoting renewable and energy efficiency 
technologies, watch-dogging nuclear safety issues, 
stopping the reckless disposal of radioactive waste, and 
ensuring that environmental and consumer interests are 
protected. 


Union of Concerned Scientists: This non-profit 
augments rigorous scientific analysis with innovative 
policy development and tenacious citizen advocacy to 
make positive, tangible improvements in people’s lives, 
mostly in the realms of energy policy and nuclear 
weapons issues. 


Safe Energy Communication Council: This 
organization educates the public and the media about 
energy efficiency and renewable energy’s potential to 
produce a larger share of our nation’s energy, as well 
as the economic and environmental liabilities of nuclear 
power. They provide local, state, and national 
organizations with technical assistance through media 
skills training and outreach strategies. 


The Greens: This political party works mostly on the 
grassroots level with decentralized groups of activists 
throughout the world. They have a very strong platform 
for RE, and are running Ralph Nader for President of 
the United States. 


Nuclear Information and Resource Service: This fine 
organization is the premier information and networking 
center for citizens and environmental organizations 
concerned about nuclear power, radioactive waste, 
radiation, and sustainable energy issues. 


| hope you will consider my suggestions in this column. 
We are often deluged by non-profits looking for our 
support, but RE education is critical to the growth of the 
industry and the resulting benefits. It is just as important 
as any other cause you can think of. 


Access 

Michael Welch, c/o Redwood Alliance, PO Box 293, 
Arcata, CA 95518 © 707-822-7884 
michael.welch @ homepower.com 
www.igc.org/redwood 

The Committee For Nuclear Responsibility, PO Box 
421993, San Francisco, CA 94142 

Phone/Fax: 415-776-8299 « cnr123 @webtv.net 
www.ratical.org/radiation/CNR 

Public Citizen's Critical Mass Energy and Environment 
Program, 215 Pennsylvania Ave. SE, 3rd floor, 
Washington, DC 20003 ¢ 202-546-4996 


98 


Fax: 202-547-7392 * cmep @citizen.org 
www.citizen.org/cmep 


Union of Concerned Scientists, 2 Brattle Square, 
Cambridge, MA 02238 ¢ 617-547-5552 

Fax: 617-864-9405 * ucs @ucsusa.org 
www.ucsusa.org 

Safe Energy Communication Council, 1717 
Massachusetts Ave. NW, Suite 106, Washington, DC 
20036 * 202-483-8491 ¢ Fax: 202-234-9194 
safeenergy @ erols.com * www.safeenergy.org 

The Greens/Green Party USA, PO Box 1134, 
Lawrence, MA 01842 * 978-682-4353 ¢ gopusa @igc.org 
www.greenparties.org 

Nuclear Information and Resource Service, 1424 16th 
St. NW, #404, Washington, DC 20036 * 202-328-0002 
Fax: 202-462-2183 « nirsnet@nirs.org ¢ www.nirs.org 


Code-Compliant Renewable 
Energy Installations 
Stand-Alone or Grid-Tied 
From Small Cabin MEMBER 
To Village Power 


UICKSILVER 
LECTRICAL 
f SERVICE| 


SERVICE 
Consultation/Design/Site Survey 
Sales/Installation/Service 
Licensed/Insured 
Serving Northeast Colorado, including Middle & North Parks 


TOLL FREE 888-39SOLAR 


Don Wallingford, Owner 
VOICE/FAX 303-833-4214 


P. O. Box 766 
Frederick, CO 80530) 


e-mail: quicksilver a@ cagle-uccess.net 


OGCharger/ Booster 


+ 12V-50, 100, 200 Amp 

+ 24V-25, 50, 100 Amp 

+ 38-64 Ibs. 

+ Overload Protection 

+ Regulated Output 

+ Safety On/Off Switch 

+ Extended run LP option 
available-some models 

* OHV engine option 
available-some models 

+ We also make a high 
quality OHV, all copper 
winding, brushless, 
3KW AC generator, 
120V or 120/240V 


Prices 
Start at -~ 


R 
1346 W- 4008S, Albion, IN 46701 
Phone 219-636-2099 
www.epowerchargerboosters.com 
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GHEAPESTSOLAR 
COM 


Unmatched 


Features * Performance * Quality * 6 Year Warranty 


Prevertrr. Ir 


Invertrix®.. Bringing you inverter/ charger technology 
light years ahead of the competition! 


©2000 and 2500 Watt M odels 
100 Amp 3 Stage Smart Charger 
All Features are User Programmable/S electable 


LCD Remote Panel comes standard and displays: 
AC RMS Amps/Volts/Frequency 
DC Amps/Volts/Battery Gauge UL/CSA LISTED 
Status Messages 
23 lines of User Programming data 


36 FET's Provide Unmatched.. 
Surge Rating 
Conversion efficiency Liste® 
Power Factor Handling 9901367 


Lowest idle current eM arine Grade Circuit Breakers 
Equalize Charging e Toll Free Tech Support 
Stainless Hardware °6 Year Limited Warranty 
Powder Coat Paint e Made in USA 


— The optional GC-1 GenSet 

ere ee Controller provides fully auto- 

: : matic power management by 

torment bunt rotber automatically starting and 

’ stopping your generator when 
. — your battery(s) are discharged 

7; & em * and recharged to user selec- 

2 — = table levels. 


The optional TS-1 Battery Temperature 
Sensor extends battery life by allowing 
you to program separate high and low 
temperature charging parameters. 


Shopping? Please visit invertrix.com or call 
800 536-4900 for a color brochure to learn 
why Invertrix is the best choice for your new 
yacht, coach or off grid home! 


Distributor, Dealer and OEM inquiries are invited. 


° ma | . ‘ 
Toll Free: 800-536-4900 Web: trix. 
Pl Invertrix, n . Phones” 805-642-7184 email intog@invertrix:cont 


2259 Portola Rd., Ventura, CA 93003 


Invertrix is a registered trademark of Invertrix, Inc. 


Invertrix, Inc. is a subsidiary of Connect Systems, Inc. 


Vermont Solar Engineering 
800.286.1252 - fax 802.863.7908 
Not your big-box Solar Mart 


We pride ourselves on being a 
NZ hands-on dealer/installer, offering 


«225 designs and components field- 
proven in our several hundred installations. 
We didn’t arrive on the scene yesterday, and 
won’t disappear after the sale, either. So if 
you're looking for support from an active 
field installer instead of an order desk sales 
rep, please give a call. 


The Chargeboost™ Transformer 
squeezes up to the maximum current 
_| from a modified sine wave inverter’s 
) battery charger. If your inverter’s 
charger & generator are not 
performing well together, you'll be 
impressed with the results. $139 


3 KW Auto-toroid™ 
Transformer, A high efficiency, 
UL listed, lightweight 120/240 
volt step-up toroidal unit. 
Includes 20a, dp output circuit 
breaker. Factory wound for 

Vt. Solar. $299 


Surrette KS21 2v, 1000 ahr battery Pea 
Designed for maximum cycles and 
infrequent watering. Expected to last 

15+ years in service, this battery has } 

a 10 year warranty (3 years un- 

conditional, 7 years pro-rated), and 

is among the toughest, longest 

lasting lead acid you'll find anywhere. 

12 vde 1000 ahr string (6 cells) 

24 vde 1000 ahr string (12 cells) 


... Other CH375-L16 
Surrette 6y, 375 ahr, 


Batteries © year warranty. 
$ 189 


al ‘12-250 Trojan T-105 
12v, 225 ahr, 7 year warranty. 6v, 220 ahr 
$ 239 $69 


Model 2020 Bogart 
TriMetric meter 
a customer favorite — 
only $169 including shunt 
and shipping !! 


Servel Propane Fridge : 
This 8.0 cu. Ft. propane unit is both jee 
attractive and efficient. Features 

include reversible doors and a 

battery operated cabinet light. It 

consumes 1.1 Ibs. of propane per 

day, and no venting is required. 

White or almond. $1049 


Solar Modules 
Siemens SP75 75 watt (17v@4.4a ) 
Siemens SR100 100 watt (17v@5.9a) ...$ 495 
AstroPower AP1106 110 watt (16.7v@6.6a). .$ 529 


Protect your Delta Lightning Arrestors 
Investment !! 4A 302 R (ac protection). ..$ 29 
LA 302 DC (dc protection) . $ 39 


** SHIPPING EXTRA except where indicated 


Vermont Solar Engineering 
PO Box 697 
Burlington, Vt. 05402 
Hands-on dealer / designer / installer 
of the best in renewables since 1991 
Call or visit our web site for on-line 
ordering and special offers. 


Fwww.vtsolar.com 
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PVUSA— 
End of an Era? 


hotovoltaics for Utility Scale 

Applications (PVUSA) has a two 

megawatt PV test facility located 
in Davis, California. Now over twelve 
years old, the US$40 million facility is 
about to be closed. 


Initially funded by the Department of Energy and utility 
ratepayers, the site has been under the stewardship of 
the California Energy Commission for the last three 
years. This May, the commission announced the 
imminent closure of the site unless a new sponsoring 
agency could be found quickly. Ideas for saving the site 
include municipalization by the city of Davis or 
purchase by a green energy provider. So far, no strong 
option is apparent, and some in the PV industry fear 
that the site will be scrapped. 


During the last three years, the site’s mission has 
shifted from its original purpose, utility-scale PV 
research and demonstration, to small-scale residential 
and commercial PV systems. New activities at the site 
include testing rooftop PV systems and small to mid- 
sized inverters. In addition, workshops for PV installers 
and building inspectors have been offered. 
Unfortunately, in the absence of outside grants or 
governmental funding, these activities generate 
insufficient revenue to cover operating expenses. 


Carrizo Repeat? 

Two hundred miles south in California’s Central Valley, 
not far from Fresno, another PVUSA site languishes. 
The 500 KW Kerman PV plant, also funded by 
taxpayers and ratepayers, is operated by Pacific Gas 
and Electric (PG&E). It has been out of operation for 
about a year. This project, completed in mid-1993, was 
intended to demonstrate the value of utility-scale 
distributed generation (DG). Repeated failures of the 
two 275 KW inverters used at the site and their high 
cost of repair or replacement fuels speculation that the 
utility does not intend to put the plant back in service. 
One source indicated that PG&E was trying to sell the 
facility. 


At first glance, it seems that selling Kerman and 
PVUSA could be a viable proposition. Since power 
generation is now deregulated in California, a “green” 
power marketer could purchase these sites and offer 
PV power in their energy mix. There are two big hurdles 
that may keep this from happening. First, these sites 
are damaged goods. Neither is fully functional and each 
will incur significant repair expenses before it can be 
functional. But a far greater obstacle to marketing the 
PV power from these plants is the fact that any new 
owner will be held hostage by the utility distribution 
company (UDC)—PG8&eE in this case. 


Every KWH of PV power that departs these plants will 
have a monkey on its back in the form of a 4 cent per 
KWH surcharge called the competitive transition charge 
(CTC). The CTC must be paid to the UDC, and raises 
the price of already expensive green PV power. The 
CTC is a part of California’s deregulation legislation 
intended to recover the utilities’ “stranded” assets. The 
CTC is, by design, a willful monkey wrench favoring the 
utilities’ “brown” power in the deregulated market. 


Predating the troubles at PVUSA is the failure of the 
Carrizo Plains PV project near San Luis Obispo, 
California. This 6 megawatt utility-connected PV power 
plant was installed by Arco Solar in the early 1980s. It 
also received public subsidy in the form of a 40 percent 
federal tax credit. Due to the use of reflectors, the PV 
modules turned brown, resulting in a significant loss of 
power. Low power output and the miserable “avoided 
cost” contract with PG&E made operation of the plant 
uneconomic. 


The plant was sold as salvage shortly after Siemens, 
the German industrial giant, bought Arco Solar. Many of 
us in the PV business can recall the disruption in the 
market for PV modules as the heat-damaged, low 
output “lams” flooded the market. | wince at the thought 
of a repeat of that. 
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What Went Wrong? 

Is utility-scale PV a total failure? | think so. But some 
good things that are applicable to small-scale and 
commercial-scale PV came out of the tests. Some 
bright engineers were employed and some good work 
was done. The basic PV module architecture we see 
today was proven in these projects. The encapsulant- 
yellowing problem was eliminated. The understanding 
that reflectors would void module warranties was 
established. The importance of a good weathertight 
junction box was demonstrated. 


However, these results do not justify the millions of 
dollars squandered and the scale of these utility 
projects. The failure is not really that of the utilities, 
though. It should be no surprise that they will eagerly 
feed from any taxpayer or ratepayer-funded trough. 


The failure is one of vision. Specifically, the vision that 
utilities are the natural market for PV power. A primary 
perpetrator of this failed vision has been the 
Department of Energy, its planners, and the politicians 
who control its funding. This is the same bunch that 
pushed nuclear energy and the nuclear utilities on the 
American public a decade earlier. 


How ironic that we must now bail out the nuclear 
utilities, and in so doing create market barriers for 
renewables in the form of CTC charges. (As | write, the 
Diablo Canyon nuclear power plant near San Luis 
Obispo, California enters it fourth day of “hot shutdown” 
after emitting a cloud of “slightly” radioactive steam.) 


What Does It Take to Get It Right? 

How do we avoid repeating the mistakes of the past? 
Certainly a first element must be the correct overall 
vision or model. That model for renewables, and 
especially for PV, is distributed generation. A recent 
article in the June 2, 2000 issue of the San Francisco 
Chronicle indicates that the DOE may now be getting it 
right. The headline is “Energy Secretary Says Utilities 
Hinder Use of Small Generators.” 


The article begins: “U.S. Energy Secretary Bill 
Richardson said utilities are hindering the use of small 
generators such as fuel cells, small gas turbines, and 
solar cells, which allow consumers to produce their own 
electricity.” Richardson noted that blackouts and the 
associated economic losses “could be avoided if the 
barriers to distributed generation were removed.” 


Distributed generation represents both a structural and 
technical transformation. When the source of 
generation is located at the load, the maximum value is 
delivered to the owner. With DG, we now refer to the 
customer-generator, a new entity that didn’t exist in the 
old consumption based central-generation model. 
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Customer-generators own the generation resource and 
benefit directly from its wise use. So they have 
incentives to exercise options that are neither attractive 
nor available to others. For example, in an electricity 
market that is based on real time-of-use pricing, 
customer-generators could choose to shed load at 
critical times and improve building and appliance 
efficiency. This would allow them to develop saleable 
electric capacity during periods of peak pricing. 


Political Will 

An important second element in a transformation to 
renewable energy is a political will and consciousness 
on the part of citizens. But this is difficult to develop. 
First, many Americans don’t think energy is or should 
be political. And second, when presented with a political 
choice regarding energy matters, many vote against 
their own self-interest. 


For example, last year Californians voted 
overwhelmingly to retain the bailout surcharge tacked 
onto their utility bills (the CTC). California utilities spent 
over US$40 million essentially bullying voters with the 
message that if the CTC were rescinded, utilities would 
pull the plug on California. Consumer advocates spent 
about US$100,000 advocating the abolition of the 
bailout. 


Energy is profoundly political. Though we seldom see 
energy issues on the ballot, behind the scenes lobbying 
by the petroleum, gas, and utility industries is incessant, 
and amounts to hundreds of millions of dollars each 
year. And as the example above demonstrates, 
politicizing energy issues and getting them on the ballot 
is no guarantee of a successful outcome. So besides 
political will, we must have the right political 
consciousness. 


As an example of the difference that political 
consciousness can make, look at the successful PV 
programs in Japan and Europe. In both regions, the 
government has incentives for the use of rooftop and 
building integrated PV (BIPV). These programs deliver 
benefits to the end user, and the result is that now the 
United States lags behind both places in PV utilization. 


A PV colleague recently returned from a trip to the 
Netherlands. He reported that 20,000 PV systems were 
installed there last year, in a country with about the 
same population as the San Francisco Bay area in 
California. Could the fact that about 25 percent of the 
voters in the Netherlands are Greens have anything to 
do with this situation? 


The Third Leg 

A third major element in the transformation to 
renewables is unfettered access to the electric 
distribution system. The distribution system (wires) is 
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now owned and operated by local utilities. Deregulation 
has changed nothing here. Since the local utility may 
still generate power, it will be competing with 
independent generators, including self-generators. 
Additionally, a utility distribution company that has no 
generation still gains revenue based on the amount of 
electricity transmitted. Again, self-generation at the 
customer’s site would reduce utility revenue. 


These are not abstract concerns. Utilities, reacting to 
self-generation and competitive generation efforts, are 
levying bypass charges, standby charges, and even 
“departing load” charges. Utilities are engaging in anti- 
competitive practices and abusing their utility franchise 
in order to harm competing technologies. Commercial 
PV projects located at customer sites in California are 
being economically hurt by these utility practices right 
now. These are not theoretical legal concerns, but 
rather economic realities that can make or break the 
viability of a PV project in the commercial sector. 


You Can Make a Difference 

In my last column, | included information about an 
ongoing California Public Utility Commission hearing in 
California addressing distributed generation. The Order 
Instituting Rulemaking (OIR) is designed to present 
facts like the above to the commissioners with the 
intention of curbing onerous utility practices. 


IPP is working with a coalition of parties (Photovoltaic 
Distributed Generation Coalition) presenting testimony 
before the commission. We again ask for contributions 
to fund this effort. This project is very important to the 
future of PV, not just in California, since the outcome 
here will have ramifications in other states. Make 
checks out to IPP, with a memo “OIR.” 


Julia Butterfly Hill— 
personal action equals personal responsibility. 


30,000 passed under the banner in Concord, California. 


Earth Day 2000 

During the month of April, Earth Day celebrations were 
conducted throughout the country. This year is 
noteworthy because it was the thirtieth anniversary of 
the first Earth Day, and there was a significant 
emphasis on renewable energy at the many 
celebrations. In northern California, two major PV 
installations were commissioned during this anniversary 
year. One is a 32 KW system located at the Feltzer 
Winery in Hopland, California. The second, an initial 10 
KW of a 100 KW system, was installed on the roof of 
the new Powerlight factory in San Pablo, California. 


The Earth Day event in Concord, California (near San 
Francisco) featured a large “green power zone” 
sponsored by the California Energy Commission (CEC). 
Exhibitors included renewable energy marketers, 
renewable electricity generators, manufacturers, 
several IPP members, and an electric vehicle section. 


The CEC also had a booth where they answered 
questions and passed out information on their 
Emerging Renewables rebate program. It’s been a 
while since the California public has had the opportunity 
to see this much renewable energy hardware and 
information in one place. These efforts by the CEC that 
get information and benefits directly to the people 
represent a good example of how government can 
effectively support renewables. 


Non-Violent Action 

The Concord Earth Day also featured music, speakers, 
and food booths. The keynote speaker for the day was 
Julia Butterfly Hill. She had just come down from an old 
growth redwood tree in which she had lived for over two 
years. 
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Her personal action saved the tree named Luna from 
being killed, and helped raise national awareness about 
the damage done by old growth logging. In the course 
of her occupation, she withstood storms, personal 
discomfort, threats to her life, and harassment from 
loggers threatening to cut the tree down. Her message 
was simple. Personal non-violent action is the key to 
changing the world. Think about it, and act. 


Access 

Don Loweburg, IPP, PO Box 231, North Fork, CA 93643 
559-877-7080 ¢ Fax: 559-877-2980 

don.loweburg @ homepower.com 
www.homepower.com/ipp 


Sandy Miller, Emerging Renewables Buydown, 
California Energy Commission, 1516 9th St., MS 45, 
Sacramento, CA 95814 * 916-653-2834 

Fax: 916-653-2543 ¢ smiller@ energy.state.ca.us 
www.energy.ca.gov/greengrid/index.html 

Buydown Information: 800-555-7794, or for weekly 
funding update call 800-900-3594 


California Public Utilities Commission, 505 Van Ness 
Ave., San Francisco, CA 94102 ¢ 415-703-2160 

Fax: 415-703-1905 * abr@cpuc.ca.gov 
www.cpuc.ca.gov/dg-r9910025 « Order Instituting 
Rulemaking (OIR), making new rules for DG 


Julia Butterfly Hill, c/o Circle of Life Foundation, PO Box 
388, Garberville, CA 95542 ¢ 707-923-9522 

Fax: 707-923-9532 « luna @ CircleOfLifeFoundation.org 
www.CircleOfLifeFoundation.org 


Palouse Wind & Water 


1011 Rothwell Road, Viola ID 83872 
208-883-3676 or fax 208-883-3298 
pwindh20@moscow.com 


Remanufactured and Up Graded. Low Wind Master. 20KW 
Jacobs Wind Turbine. 100’ galv steel tower, hinged base, 
big shoe foundations, this is UTILITY INTERCONNECT 
version. No blades but can add. Tax ship/extras $16,500.90 


Jacobs, Same as above but off grid-battery charger 24KW 
for 120VDC battery bank configuration. 100 amp, and (2) 
50 amp shunts. No blades. Ship tax extras. Qualifies for 
10% Fed tx credit, 50% Calif cash back, 35% ore income 
tax credit, Idaho has $10,000 incentives and 5 year to zero 
Fed depreciation. PWW how has 100% lease financing. 


$21,000 


Some 10 KW units available, call. 
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Independent Power Providers 


Approach ¥Y3K with 
confidence and a 
Dyno battery. 


F BATTERIES 

af Www Gynobattery. com 
DYNO BATTERY, INC., 4246 23RD AVE. W., SEATTLE WA 96199 ® (206) 283-7450 
EMAIL: DYNOOI@AOL.COM * FAX: [206] 283-7498 * TOLL FREE 877-DYNO BAT 


You can turn water into juice 


using the STREAM ENGINE 


*Operates at heads of 10 feet & up 
¢ Adjustable for maximum power 
¢Multiple output voltages 

Output over 1KW 

Easy installation 


Epoxy Encapsulated Alternator 
Waterproof, Water Cooled, 
Neodymium Permanent 
Magnets, Brushless, 
Reconnectable Windings 


Precision Cast Bronze 
Turgo Wheel 
High Efficiency, High Capacity 


Also Available: 
Hydro components including 
turgo & pelton runners, system 
design, and tech support 


51695 


“This is a very cool machine. It represents a major breakthrough 
in microhydro design.” -Bob-O Schultze, Home Power #67 


Energy Systems & Design 


» 4 
a 
P.O. Box 4557, Sussex, NB, E4E 5L7, Canada = 
Tel: (506) 433-3151 ¢ Fax: (506) 433-6151 Gee 
website: www.microhydropower.com = 


email: hydropow@nbnet.nb.ca Things that Work! 


SIEMENS 


& 5 rs 


ets : : RE AON FO IS 
Solar Power Your Dream. 
You've finally found just the right spot. Find out now just how easy it is to 


A little out of the way, but good water, have a solar system to meet all or part 
good soil, and even a little view. of your electrical needs. 


You're going to build. 
Office (520) 636-1001 
Fax (520) 636-1664 


P.O. Box 365, 2655 N. Hwy 89 
Chino Valley AZ 86323 


Siemens can help turn your plans into 
reality. An economical Siemens solar 
system can give you year after year of 
trouble-free electricity. And do it 
silently, without fuel, waste or pollution. 


IPP 


MEMBER 


HITNEY SOLAR PRODUCTS, INC. 


Harmony with Nature 


“TI consider (the PowerPulse® devices) to be 
standard equipment for a lead-acid battery system...’ 
Richard Perez, Home Power magazine 


Extend the 
life of your 
batteries! 


12 Volt 24 Volt 


$69.9" $119.85" 


Accept no substitutes; the cost effective 
PowerPulse® units are patented, approved by 
the U.S. Military, and have a 10-year limited warranty. 


*Manufacturer’s suggested retail price. Other voltage units available. 


m Free delivery to 50 States. m Major credit cards OK. 
@ Bulk/Dealer inquiries invited. 


Abraham Solar Equipment 


800-222-7242 m 970-731-4675 


124 Creekside Place ™ Pagosa Springs, CO 81147 
©1999 Abraham Solar Equipment. All rights reserved. 


THE POWER BROKERS!™ 


bd 


LAKE MICHIGAN 
WIND & SUN, ltd. 


WIND TURBINES 
SOLAR SYSTEMS 
WIND / PV HYBRIDS 
TILT-UP-TOWERS 
TOWER TOP ADAPTERS 
BLADES 

WIND MONITORING 
SYSTEM DESIGN 
CONSULTING 
SERVICE 
INSTALLATION 


1015 County Rd. U 
Sturgeon Bay, WI 54235 
920-743-0456 

fax: 120-743-0466 
LMWandS@itol.com 
www.windandsun.con, 


AAW 


Funded in part by 


VLAAAA 
OUR ZOTH YEAR OF PROVIDING RELIABLE, ENVIRONMENTALLY 
SOUND, RENEWABLE ENERGY SYSTEMS WORLDWIDE, 
FOR UTILITY INTERTIE AND REMOTE LOCATIONS. 


ELECTRIC VEHICLE 


COMPONENTS, CONVERSION KITS, PUBLICATIONS, VIDEOS, 
AND ENGINEERING DESIGN SERVICES FOR THE EV 
HOBBYIST AND MANUFACTURER...AIl components selected 
with safety and reliability foremost in mind....We stock and sell the 
largest variety of the very best: 


¢ ADVANCED DC Motors in 9 variations from 2 HP to 28.5 HP 
@ CURTIS-PMC Controllers, Throttle Potboxes, Footpedals 

¢ ALBRIGHT ENG. Main & Reverse Contactors in 6 models 
¢ GENERAL ELECTRIC & HEINEMANN Circuit Breakers 

¢ BUSSMAN Safety Fuses from 200 to 800 amps 

¢ DC-DC Converters from 48 to 200 V input 

¢K&WENG. & BYCAN Battery Chargers from 48 to 144 V 
¢ Full line of CURTIS, WESTBERG, & KTA Meters & Gauges 
¢ DELTEC Meter Shunts from 50 to 1000 A 

¢ EVCC Adapter Plates, Couplings, Clamps, & Brackets 

¢ PRESTOFLEX Welding Cable, MAGNA Lugs, Assy. Tools 
¢ CONVERSION KITS for vehicles from 300 to 5000 Ibs. 

¢ Complete ELECTRATHON Drive & Instrumentation Pkg. 

« 4 Complete GO KART kits...for up to 90 mph.. 


4 SERVICES INC. 


COMPONENTS & PUBLICATIONS CATALOG........ $5.00 
Electric Vehicle components and systems since 1984 
944 West 21st Street - Upland, CA 91784 USA 
Tel: (909) 949-7914 — FAX: (909) 949-7916 
Web: www.kta-ev.com 
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We manufacture Some Items We Offer: 


stainless steel S Uu n L ] n e So | rs | r Q Easy Installation Solar Kits 


PV mounts Q 8 Watt to 120 Watt Solar Panels 


Phone 1-800-886-4762 * Fax 717-351-0383 11 Stainless Steel PV Mounts 


www.sunlinesolar.com Q Full Line of Trace Products 
Q) Full line of Regulators 


OQ Wind Generators 

Q) Trojan Batteries 

QO Complete Solar Packages 
Please Feel Q Solar Lighting 

Free To Call Q Emergency Lighting 
With Any Q Efficient Refrigeration 
Questions. Q Efficient Laundry Systems 


We Provide Warranteed Residential 
and Commercial Installation. 


4052 Ridge Road | || Delivery with Installation. 
“% Gordonville, PA 17529 2A 5 ') Walk-in & Mail Order Sales 


THE WORLD’S BEST RENEWABLE ENERGY SOLUTIONS! 
SELF-POWERED RADIO!) |, ancoucr 


Great for Camping, Gardening, and Everyday Use 
PHOTOVOLTAIC 


MICROHYDRO 


Vv AM/FM/SW-3.0-18.1 MHz 
V Super Bright White LED Light w/6 ft. reel-up cord 


V Self-Powered by Windup Baylis Generator, Solar HUMAN POWER 
Panel, or Internal Rechargeable Battery Pack GENERATOR 


Chiteine ined WINDSTREAM POWER SYSTEMS INC. 


PO Box 1604 HP, Burlington, VT 05402 Tel 802-658-0075 Fax 802-658-1098 


info@windstreampower.com * www.windstreampower.com 
FREE CATALOG Independent Power Systems Throughout the World — Our 25th Year 


New MPPT Controller by RU Power Products 


Patent Pending Technology extracts more charge current from your PV array - up to 30% more. 

Stop throwing away that extra power and add our Maximum Power Point Tracking (MPPT) 

charge controller. 

Solar Boost 50 is a 12/24V photovoltaic charge controller capable of delivering 50 amps of output current. 

It includes an advanced automatic three stage charge control system, electronic current limit, and an equalization mode. 

An optional user friendly digital display can be built in, as a remote or both. Solar Boost 2000 available for 12V/25 amp applications. 
48V available soon. 

Featured In Home Power Magazine “Things That Work” issue #73 and #77. It really delivers more charge current to your batteries 
independent tests prove it! Manufactured by RU Power Products and offered by a large network of quality 


RVPOWER PRODUCTS 100-853-747 w 60-044 tat? 


| PROVIDING ELECTRICAL INDEPENDENCE| 1058 Monterey Vista Way, Encinitas CA 92024 
Visit our web site at www.rupowerproducts.com or e-mail to info@rupowerproducts.com 
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Code Corner 


How Big? 


John Wiles 


Sponsored by the Photovoltaic Systems Assistance Center, 
Sandia National Laboratories 


ower conductors in renewable 

energy systems range from #18 

(0.8 mm?) through #4/0 (107.2 
mm?), and up to the largest in the range 
of 300 kcmil (210 mm2). The task of this 
column will be to discuss how the 
ampacity of conductors is determined in 
a particular installation or situation. 


Conductor size in the United States is measured (with 
no insulation) in AWG, which stands for American Wire 
Gauge. The larger the AWG number, the smaller the 
conductor. A bare copper #18 (0.8 mm?) conductor has 
a diameter of about 0.04 inches (1 mm) and an area in 
circular mils of about 1,620. (I didn’t make this up. A mil 
is 1/1,000 of an inch, and a circular mil is an area 
calculated by the diameter in mils squared.) 


Insulation on the conductor will make the overall 
conductor larger, and the exact size will depend on the 
type of insulation used. Conductors larger than #1 are 
numbered #1/0 through #4/0. (These are the same as 0 
and 0000 and are pronounced “one aught” and “four 
aught’.) Conductors larger than #4/0 are numbered by 
their area in thousands of circular mils (kcmil), starting 
with 250 kcmil (170 mm?). Here is a table of the 
commonly used conductors, their diameters, and areas 
in square inches and circular mils. 


Metric wire sizes use the cross-sectional area as their 
designator. Ideally, European conductor size 
equivalents should be made based on equivalent rated 
ampacity, not conductor sizes translated from inches to 
millimeters. If in doubt, use a metric size that is larger 
than the AWG equivalent. And make sure that the rated 
ampacity of the cable meets local codes for your 
intended application. 


How Good Is That Cable? 

The current-carrying capability (ampacity) of a 
conductor is related to how hot the cable insulation is 
allowed to get. The toughness of the insulation, its 
flexibility at cold temperatures, and its aging properties 
under various conditions (UV, oil, water, etc.) are also 
important parameters in establishing the quality of an 
insulated conductor. 


The International Cable Engineers Association (ICEA) 
works with the cable manufacturers to develop 
standards for cable insulation. Their goal is for cables in 
normal installations to last more than twenty years 
when operated at the maximum temperature in specific 
environments that apply to that particular insulation. 
The ICEA Standards are then transferred to an 
independent party, Underwriters Laboratory (UL). They 
develop testing standards that enable independent 
testing agencies (UL, ETL, and only a few others) to 
test various cables to ensure that they meet the safety 
and durability standards. 


The tests on a particular cable by a specific 
manufacturer must be repeated periodically (typically 
every three months) to ensure that the cable continues 
to meet the standards. This process of testing and 
retesting to a standard by an independent agency like 
UL is the process called “listing.” It results in some sort 
of safety seal—such as the “UL in a circle” mark—being 
affixed to every product that meets the standard. 
Without this or a similar mark, there is no way of telling 
that the cable is safe to use in a particular application. 
Without continued testing, there is no way to ensure 
that the cable, as manufactured, continues to meet the 
standard. 


Common Wire Sizes 


Diameter in | Area in Area in Area in 

Size* inches** inches? | circ mils mm? 
18 0.040 0.001 1,620 0.823 
16 0.051 0.002 2,580 1.309 
14 0.064 0.003 4,110 2.082 
12 0.081 0.005 6,530 3.308 
10 0.102 0.008 10,380 5.261 
8 0.128 0.013 16,510 8.367 
6 0.184 0.027 26,240 13.299 
4 0.232 0.042 41,740 21.147 
3 0.260 0.053 52,620 26.670 
2 0.292 0.067 66,360 33.624 
1 0.332 0.087 83,690 42.406 
1/0 0.372 0.109 | 105,600 53.482 
2/0 0.418 0.137 | 133,100 67.433 
3/0 0.470 0.173 | 167,800 85.014 
4/0 0.528 0.219 | 211,600 107.219 
250* 0.575 0.260 | 250,000 170.000 
300* 0.630 0.312 | 300,000 210.000 


*All sizes are AWG, except for the last two, which are in kcmils. 
** For copper only, no insulation, single conductor through 
#8 AWG, then stranded for larger conductors. 
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The use of untested, unmarked conductors or 
conductors marked for other applications is, at best, a 
violation of the requirements of the NEC. At worst, it can 
create safety hazards that may result in property 
damage or loss of life. 


Conductor Temperature Ratings 

Conductors that are commonly available for use in PV 
systems were discussed in this column in HP76 & 77. 
These conductors come with insulation temperature 
ratings of 60°C (140°F), 75°C (167°F), and 90°C 
(194°F). These ratings determine the maximum 
temperature that the conductor insulation is allowed to 
reach. Insulation is heated from the heating of the 
copper conductor by current flowing in it, and from the 
temperature of the surrounding media (air, conduit, 
earth, etc). The presence of other nearby conductors 
also affects the temperature of a particular conductor. 


Ampacity 

The basic ampacities of conductors are listed in 
numerous tables in the NEC. Conductors in free air are 
addressed by Table 310-17. Conductors in conduit are 
covered in Table 310-16. The basic ampacity tables 
present the current ratings as a function of conductor 
size and insulation temperature rating at an ambient 
temperature of 30°C (86°F). The basic ampacities (at 
30°C (86°F) and unmodified by temperature or other 
considerations) require that there are no more than 
three current-carrying conductors grouped together or 
installed in a conduit. 


From this starting point, there are a number of rules that 
must be applied to determine how this initial ampacity is 
modified to determine the ampacity of the conductor in 
a particular installation. | encourage you to obtain a 
copy of the NEC to ensure that all conditions are met 
for determining the ampacity of a specific conductor in a 
specific application. The many rules are too numerous 
and too detailed to cover here, but I'll mention a few of 
the more commonly used ones: 


¢ Ambient temperatures above 30°C (86°F) decrease 
the basic ampacity; temperatures below 30°C 
increase the ampacity. 


More than three current-carrying conductors grouped 
together (bundled or in a multiconductor cable) or 
installed in a conduit reduce the ampacity. 


¢ Conductors operating in more than one ambient 
temperature have special requirements. 


e #14, 12, and 10 (2.1, 3.3, and 2.6 mm?) conductors 
have additional restrictions on maximum ampacity. 


Some installation methods (such as aerial feeders or 
tray cable) require special calculations. 


Code Corner 


¢ The temperature ratings of terminals, fuses, and 
circuit breakers connected to conductors may reduce 
the ampacity. 


An Example of Code Complexity 

Here is an example of what might be involved in 
determining the ampacity of the PV array output 
conductors on a residential system. Exposed, single- 
conductor #10 (2.6 mm?) USE-2/RHW-2 is run from the 
modules to a combiner box. The conductor then runs in 
conduit (four conductors in the conduit for two circuits) 
through an attic, and down through the house to a 
basement power center. 


The combiner box (in an ambient temperature of 40°C; 
104°F) has fuses in it, and the power center has a 
circuit breaker (both have terminals rated for 75°C; 
167°F). The basement is always a cool 22°C (72°F), the 
attic reaches 50°C (122°F), and the module junction 
boxes and backs of the modules are at 70°C (158°F). 
The outside temperature is 40°C (104°F). More than 10 
percent of the exposed single-conductor cable from the 
modules is routed along the backs of the PV modules. 


The temperature rating of 75°C (167°F) for the fuse and 
circuit breaker terminals limits how hot the conductor 
can be at those connections (Section 110-14(c)). The 
insulation temperature cannot exceed 75°C from a 
combination of the current flowing in the conductor and 
the ambient temperature at the location of each 
terminal or device. 


This might indicate that we could use a conductor with 
a 75°C insulation to save a few pennies. However, this 
same conductor must operate near the backs of the 
modules and in the module junction boxes where the 
ambient temperatures are 70°C (158°F). The 75°C 
conductor temperature limitations for ambient 
temperatures this high dictate that the 90°C (194°F) 
cable specified (USE-2/RHW-2) be used and that 75°C 
rated cables would be inappropriate. 


If we start in the basement, the basic 30°C (86°F) 
ampacity of this cable (#10 (2.6 mm?) USE-2/RHW-2) is 
40 amps (NEC Table 310-16). It is then increased by a 
factor of 1.04 because of the 22°C (72°F) ambient 
temperature (Table 310-16), and is decreased by a 
factor of 0.8 because there are four conductors in the 
conduit (Section 310-15(b)(2)(a)). This gives a modified 
ampacity of 33 amps (40 x 1.04 x 0.8 = 33 A). However, 
there is a note to the ampacity tables (see Section 240- 
3) that states that #10 conductors may not be used with 
overcurrent devices at more than 30 amps, which 
further restricts the maximum current we can run 
through the conductor. 


When the ambient temperature is 30°C (86°F), a #10 
(2.6 mm?) conductor with a 75°C (167°F) rated 


Home Power #78 ¢ August / September 2000 


107 


Code Corner 


insulation can handle 35 amps and stay below 75°C 
(Table 310-16). This comparison allows us to evaluate 
the temperature of the USE-2/RHW-2 90°C (194°F) 
conductor as it is connected to the circuit breaker 
terminal that is rated for a maximum temperature of 
75°C. The circuit breaker terminal temperature is not 
exceeded because we keep the current below 35 amps 
due to the 30 amp limit on #10 conductors mentioned 
above. 


In the hot attic (50°C; 122°F), we derate the conductors 
for temperature by a factor of 0.82 (Table 310-16) and 
for four conductors in conduit by a factor of 0.8 (Section 
310-15(b)(2)(a)). The derated ampacity becomes 26 
amps (40 x 0.82 x 0.8 = 26 A). 


For conduit outside the house (preferably shaded) 
where the ambient temperature is 40°C (104°F), the 
derating factors result in an ampacity of 29 amps (40 x 
0.91 x 0.8 = 29 A). 


The single-conductor, exposed cables from the 
combiner box to the modules operate in a temperature 
of 70°C (158°F) as they are routed along the backs of 
the PV modules and into the module junction boxes. 
Because they are exposed (in free air), the basic 30°C 
(86°F) ampacity is 55 amps and the temperature 
derating factor is 0.41, yielding an ampacity of 23 amps 
(55 x 0.41 = 23 A) (Table 310-17). However, if they were 
grouped together in a set of four after coming out of the 
junction box, an additional factor of 0.8 should be 
applied, reducing the ampacity to 18 amps (Section 
310-15(b)(2)(a)). 


The temperature in the combiner box (in the shade) will 
be 40°C (104°F), which is the same as the ambient 
temperature. Again we have to evaluate the 75°C 
(167°F) rated terminals on the fuse. In this case, the 
ambient temperature is above 30°C (86°F), and the 
higher temperature contributes to the heating of the 
terminal. If the circuit currents are kept below 31 amps 
(35 x 0.88 = 31 A), the terminals will stay below 75°C 
(167°F) (Table 310-16). 


First we have to determine the minimum size of the 
conductors based on the NEC requirements for 
ampacity. Then we should look at voltage drop, which is 
not an NEC requirement, although it is mentioned in the 
NEC as a suggestion. Voltage drop is a subject all by 
itself, and there are many opinions on how the 
calculations should be done. 


Summary 

Confusing, isn’t it? We made ampacity calculations on 
this run of #10 (2.6 mm?) USE-2/RHW-2 that resulted in 
ampacities of 33 amps, 30 amps, 31 amps, 29 amps, 
26 amps, 23 amps, and 18 amps. The NEC requires 
that the lowest figure be used. In this case, that would 


be 18 amps or 23 amps, depending on how the 
exposed conductors were routed. In installing PV 
systems, the difficulty of these calculations is not great. 
However, finding all of the applicable requirements 
takes time and familiarity with the code. 


There are additional requirements that might apply to a 
particular PV installation. A team consisting of a PV- 
familiar person (PV vendor/designer) and a code- 
familiar individual (electrician) makes for safe, reliable, 
and durable PV installations. In the next Code Corner, 
we will work the ampacity problem from the other 
direction, and address the circuit currents and how they 
are determined. 


Questions or Comments? 

If you have questions about the NEC or the 
implementation of PV systems following the 
requirements of the NEC, feel free to call, fax, email, or 
write me at the location below. Sandia National 
Laboratories sponsors my activities in this area as a 
support function to the PV Industry. This work was 
supported by the United States Department of Energy 
under Contract DE-AC04-94AL8500. Sandia is a multi- 
program laboratory operated by Sandia Corporation, a 
Lockheed Martin Company, for the United States 
Department of Energy. 


Access 

John C. Wiles, Southwest Technology Development 
Institute, New Mexico State University, Box 30,001/ 
MSC 3 SOLAR, Las Cruces, NM 88003 
505-646-6105 ¢ Fax: 505-646-3841 

jwiles @nmsu.edu * www.nmsu.edu/~tdi 


Sandia National Laboratories, Ward Bower, Department 
6218, PO Box 5800 MS 0753, Albuquerque, NM 87185- 
0753 * 505-844-5206 * Fax: 505-844-6541 
wibower @ sandia.gov * www.sandia.gov/pv 


National Electrical Code® and NEC® are registered 
trademarks of the National Fire Protection Association. 
The 1999 NEC and the NEC Handbook are available 
from the NFPA, 11 Tracy Dr., Avon, MA 02322 
800-344-3555 or 508-895-8300 * Fax: 800-593-6372 or 
508-895-8301 * custserv@nfpa.org * www.nfpa.org 


mee 


Lowest Prices in the Universe! 
SOLaRTeCcCH 2000 


Clean, Renewable Electric Energy 
Toll Free: 877-246-8217 == Saves 50% 
. Prices Slashed! 
“Local: 909-798-7477 


On all top named 
items from 
inverters to 


a modules and 
| accessories. 


Fax: 909-793-9986 


== http://www.solartech2000.com 
CO kyocere sales @solartech2000.com 
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SN 
VUSATES UN" 


SDL_LAFR TRACKERS 


The Dual Axis Tracking Advantage 


*as compared to a fixed mount tilted at latitude 


Percent Annual Power Increase 


More Power...Less Money 


ARRAY TECHNOLOGIES, INC. WWW. WATTSUN.COM 
3312 STANFORD NE, ALBUQUERQUE, NM 87107 


Ter: (SO5) 681-7567 FAX: (505) 881-7572 


Our Customers Say it Best...... 


I’m doing all I can to ‘push’ the RCH fan. I love mine! 
Here in the office, it’s mounted right above the chairs where 
my missionary clients sit. It runs on 12 volts. The DC to DC 
converter makes a big difference! Quite often, the client’s 
reaction has been “Wow that feels wonderful and I can’t 
even hear it!” Purposefully, I have two other brand-X DC 
fans operating. Their operation drives home the message real 
quick on how quiet the RCH FAN operates! It’s a wonderful 
combination: quiet operation at less cost. It’s the only fan 
I'll sell to my clients. If they want less quality, they have to 
buy it somewhere else. The workmanship of the RCH FAN 
is something to be proud of! Thanks for quality! 


Les Eldeen, Sunbeam Solutions, Tucson, Arizona 
Solar Ministry to Third World Countries 


www.fanworks.com 
e-mail: info @fanworks.com 
RCH Fan Works 
2173 Rocky Creek Rd. 
Colville, WA, USA 99114 
Phone (509) 685-0535 


De Sultator 


SWEEPING PULSE TECHNOLOGY 


STRENGTHEN 
Your Weakest Link 


It is often thought that batteries are the weakest 
component in a home power system. Our experts 
are changing that way of thinking. IES’s proven 
DeSulfator® sulfation removal systems are 
extending the life of lead acid batteries worldwide. 


Get the most out of your investment... 


INSIST ON THE ORIGINAL. 


eS INNOVATIVE ENERGY SYSTEMS, INC. 
9351-J Philadelphia Rd., P.O. Box 70060, Balto., MD 21237 


www.innovativeenergy.com 
410.686.3120 * FAX 410.686.4271 


Your Source for 
Non-electric Appliances 


Propane 
Refrigerator 


DPR2260W | 125B LP/NG 
$ ) 95 / 00 Models: NG/LP 


Plus Motor Freight + 38B $375 
+ 125B $628 


Energy Outfitters Ltd. BRS 
P.O. Box 1888 125X (elect. ign.) $730 
136 §. Redwood Hwy. ania $995 
Cave sunevon, OR 97523 125 Series $295 
Order Line: 800 GO SOLAR 170 Series $379 

(800-467-6527) + Call for complete model 

Fax: 888 597-5357 availability 
E-mail:sales@energyoutfitters.com 


SDK240 LP/NG 


Models: 


+ 24° 


wielec.ign. SCK100 


+ 30” 
wie 


seal 
Pict 
+ 36" 
wie 


Range 
Range 
led top 


ured 
Range 


5 burner 
6 burner 


+ Call 
avai 


lability 


lect. ign. SFK1000 


lect. ign. SLK100 


GCK100 
GFK1000 


SFK240 
SDK110 
SDK240 
GLK100 


SLK249 
SRK24R 


for complete catalog and 


On the WEB at www.energyouttitters.com 
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Kathleen Jarschke-Schultze 


©2000 Kathleen Jarschke-Schultze 


s the Renewable Energy 

Appliance Queen, | am often 

asked just which brand and 
model of appliance is best. This 
includes (but is not limited to) clothes 
washers and dryers, dishwashers, 
vacuum cleaners, microwaves, irons, 
and toasters. Frankly, | don’t know 
which ones are best. | only know what 
| have chosen for our off-grid home, 
and why. 


Eye on The Prize 

To decide on the right appliance for your RE home, you 
will need to consider the components of your RE 
system. What size of inverter do you have? Is the 
waveform square wave, modified sine wave, or full sine 
wave? How many amp-hours does your system 
produce in an average day in each season? How much 
of that do you already use? How often will you use this 
appliance, and for how long? 


Some appliances will not work properly on square wave 
or modified sine wave inverters. This is actually a fairly 
common occurrence with appliances that have triacs or 
thyristers in their circuitry. One way to determine 
whether an appliance will operate on square or 
modified sine wave power is to call the service 
department of the manufacturer and run through the 
layers of repair technicians until you find someone who 
knows what an inverter is. It can be frustrating, 
enlightening, or both. 


When troubleshooting an appliance and talking to a 
repair technician, remember that all situations you 
describe are hypothetical. The sad truth is that many 
warranties are void if the appliance is used on an RE 
system. It may not state that on the warranty, and I’m 
sure you could engage in a long drawn out grievance 
with the company and maybe get some satisfaction. But 
| have found it best not to mention RE when exercising 
a warranty. Grill the techs mercilessly before you buy 


any appliance. Don’t let them tell you they don’t have 
answers to your questions. They have the resources to 
find out. 


Practically all appliances will run on a full sine wave 
inverter. Since we use a sine wave inverter, the Trace 
SW4024, | haven’t had a problem with any appliance’s 
electronic brain. The power coming from an inverter is 
often more stable than the power coming from the grid. 


Research 

For each and every appliance you buy, there are 
questions you have to answer first. If you have power or 
water restrictions, they must be identified. If the 
appliance will use water, what psi (pounds per square 
inch) does it require to function properly? For example, 
my dishwasher does not run enough water through our 
on-demand water heater to start the heater, so | have to 
temporarily turn on another faucet. 


What do you expect and need the appliance to do for 
you? Is it worth the eventual cost? The monetary cost 
might include a bigger inverter, more batteries, and 
more panels. Maybe you will have to run your generator 
to power the appliance. This means fuel, maintenance, 
pollution, and noise. 


Info Plaques 

On every electricity-using appliance there is an info 
plaque that you will need to decipher. Bob-O trained me 
to find and read it before buying any appliance, large or 
small. The info plaque can be found on the edge of the 
open door or on the back or bottom of the appliance. It 
will tell you the model number, serial number, motor 
amps, heater amps (if any), and combined total amps. 
The volts and hertz (Hz) are also listed. 


Sunbeam-Oster Company, Inc. 
LISTED Automatic Breadmaker 


MODEL5811 


5.25 A, 120 V, 60 Hz, AC Only 
FOR HOUSEHOLD USE ONLY 
Style # BM-100 


Formula for Success 

You need to multiply amps by volts (usually 120 V) to 
get watts (see Back to Basics, HP29). For example, if a 
motor draws 8.6 amps at 120 volts, the appliance will 
draw 1,032 watts (8.6 A x 120 V). You’ll have to 


110 


Home Power #78 ¢ August / September 2000 


determine whether your system will support an 
appliance for the frequency and duration of intended 
use. 


There is usually an installation manual and owner’s 
manual stuffed between the machine and countertop on 
under-counter models, or in a plastic bag inside the 
machine itself. Take some time and leaf through both. 
This is a good place to find the manufacturer’s repair or 
information access data. 


Gas clothes dryers and cookstoves sometimes have a 
glow bar instead of a pilot light. Some stay on all the 
time, producing a phantom load in your system. Others 
come on when you start the appliance. If your 
cookstove has a glow bar for the oven ignition, you may 
not be able to use a match to light the oven if your 
system is down. Sure, RE systems are very reliable, but 
there are always natural causes such as lightning, 
floods, etc., that could shut down your power system. 


Sales Support 

Most salespeople are of two minds when you pre-shop. 
They may be interested enough in the fact that you live 
on renewables to try to find the information you need. 
Or they may write you off as a probable no-sale and 
leave you to hunt down your own information. 


In shopping for a dishwasher, | learned that U.S. 
manufacturers have many models of each kind of 
appliance. These change and are discontinued 
regularly. | explained to one saleswoman that | lived on 
RE and was researching a purchase. | would not be 
buying a dishwasher for at least two months. She said 
that the models on display might not be available then. 
Two of the models on the floor had notices that they 
had been discontinued, and the floor models were the 
last of that line. That makes me wonder about parts 
availability. 


All Things Considered 
Here are some things to consider when shopping for an 
appliance: 


Quietness: amount of insulation, proximity to the 
living area, and sound level when running. 


Water: amount used per cycle, and psi needed to run 
properly. 
Propane: parts needed to change to the type of gas 
available. 


Glow bars: is there one, how much power does it 
draw, and is it on continuously? 


Dimensions: will it fit where you want it? 


Power use: inverter or generator, how much for each 
cycle, and estimated average usage. 


Home & Heart 


Cost vs. convenience: the convenience must equal or 
better the whole cost. 


Installation instructions: are they easy to read, with 
lots of pictures and diagrams (my favorite kind)? 


Materials: do the materials and manufacture of the 
appliance appear to be of good quality? 


Warranty: how long, for what, where is the repair 
center, and what is the process for obtaining warranty 
repairs? 


Make a checklist of the features you want, and write 
down any concerns you have about the appliance you 
are shopping for. Take it with you to shop, and fill in the 
blanks. Gather all the data you can on many different 
models. Take your time—don’t hurry into a purchase. | 
find it comforting to be able to compare things on paper 
away from the store and salespeople. Listen to the 
salespeople, and then get a second opinion. 


Your local RE professional is an excellent source of 
information. They hear from their customers about what 
works and what doesn’t. If they live on RE, they have 
the benefit of personal experience. A caveat though: 
dealers can get locked on certain brands. It’s like Ford 
guys and Chevy guys. If a certain brand has worked for 
them with no problems, they swear by it, not at it. This 
is not surprising, since they have to stand behind the 
products they sell. 


ACE? 

The American Council for an Energy-Efficient Economy 
(ACES) has a really great Web site, with lots of 
information. It includes sections on top rated 
appliances, and information on their Consumer Guide 
to Home Energy Savings. 


This excellent Web site and the appliance guide are 
great tools in your search for the best appliance for your 
RE home. Add to that the expertise of your local RE 
dealer, and your research from local appliance stores. 
Do your homework, and you'll be able to find quality 
appliances that will work in your RE home for a long 
time. 


Access 

Kathleen Jarschke-Schultze is building a garden-view 
poultry palace at her home in Northernmost California, 
c/o Home Power, PO Box 520, Ashland, OR 97520 
kathleen.jarschke-schultze @ homepower.com 


American Council for an Energy-Efficient Economy, 
1001 Connecticut Ave. NW, Suite 801, Washington, DC 
20036 ° 202-429-0063 * Fax: 202-429-0193 
ace3pubs @ix.netcom.com * www.aceee.org 
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Book Review 


“UNTIL YOU'VE READ THES BOOK, YOU'RE ILL-EQUIPPED TO THINK ABOUT THE PLANETS FLUITURES 


— fill MeKihbew, anthor of THE ENDOF NATURE 


the Hil! a “Is | 


LHE CLIMATE CRISIS | THE COVER-UP | THE PRESCRIPTION 


at SS ( ;elbspan 


By Ross Gelbspan 
Reviewed by Richard Engel 
©2000 Richard Engel 
e’ve all seen plenty of press on 
global warming these past few 
years. The link between global 
warming and the burning of fossil fuels 
has become common knowledge. But 
throughout the 1990s, as study after 
study demonstrated that, yes, humans 
are altering the world climate, the media 
and politicians stuck to portraying the 
whole issue as a raging controversy. 
You couldn’t help but get the idea that scientists were 


more or less equally divided on whether humans were 
causing global warming—or perhaps whether warming 


was happening at all. Even the most ardent 
environmentalists among us have had to wonder: Is it 
really happening? Might the doubting Thomas scientists 
be right in claiming that the greenhouse effect is just a 
lot of hot air? 


With this book, Ross Gelbspan sets the record straight. 
Throughout The Heat Is On, he builds his case that, 
among credible scientists, the verdict is virtually 
unanimous: the biosphere is getting hotter. 


The Case Against the Skeptics 

Though it touches on many aspects of global warming, 
this book is primarily an exposé of the global warming 
skeptics. Gelbspan first points out that the cadre of 
skeptical scientists is minuscule. He claims that there 
are only about a half dozen “serious” scientists who 
persist in publishing papers dismissing global climate 
change as a non-event. 


Second, he asserts, this handful of maverick scientists 
have poor credentials. Their studies are not peer- 
reviewed and do not get published in esteemed 
scientific journals. Third, and perhaps most important, 
their work is in most cases funded by the polluting 
industries that have a big stake in convincing 
policymakers and the public that global warming just 
isn’t happening. 


Not Just Eco-Freaks 

The author points out some fascinating dramas that are 
being acted out as global warming becomes more 
obvious. For one, environmentalists are no longer the 
most formidable adversaries of the fossil fuel 
companies in this battle—insurance companies are. 
With each passing year, insurers are taking a bigger 
and bigger hit paying off clients devastated by floods, 
hurricanes, and wildfires. 


Gelbspan rattles off a litany of statistics showing how 
both the number and the dollar costs of weather-related 
insurance payouts have soared since 1990. Insurance 
industry lobbyists are apparently beginning to out-shout 
the oil lobbyists in the halls of Congress, demanding 
policy changes and legislation to head off climate 
change. 


Another sign that great changes are taking place on the 
stage of the global warming tragicomedy is the ongoing 
collapse of the Global Climate Coalition (GCC). This 
fossil fuels industry lobbying group has been the 
loudest heckler in the skeptics’ peanut gallery for years, 
but lately their ranks have thinned dramatically. Even 
the fossil fuel mega-companies appear to be changing 
their position—or at least re-thinking their betting 
strategy—in the climate change debate. Shell, BP’s 
U.S. division, and Ford Motor Company have all left the 
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GCC. Ford is even going so far as to publicly state that 
global warming may be for real. 


Critique 

Ross Gelbspan would have ended up with a perfect 
book if he’d let us get a better point-counterpoint look at 
what scientists on both sides are saying about each 
others’ work. He does include an appendix in which 
several climate scientists critique the work of their 
skeptical colleagues. However, by only getting to read 
the critiques, we’re left to guess exactly what these 
skeptics had to say in the first place. And honestly, the 
arguments confirming and denying global warming are 
quite slippery for a non-climate-scientist to make sense 
of. Each side accuses the other of selecting data that 
supports one point of view, and conveniently ignoring 
the rest. 


All ls Not Lost 

Fortunately, after making my way through all the bad 
news, | was rewarded with an action plan in the final 
chapter. Gelbspan proposes a three-point “Manhattan 
Project” for climate stabilization, a crash program he 
describes as our last hope for averting drastic and 
perhaps irreversible climate change. His proposals: 
One, shift all existing fossil fuel subsidies to 
renewables; two, phase in strict efficiency standards for 
all fossil-fuel technologies; and three, levy a worldwide 
tax on international currency transactions to fund a 
rapid transition to a sustainable, nonpolluting energy 
economy. 


Gelbspan has done his homework very well. Now it’s up 
to the rest of us to see to it that his climate stabilization 
program, or something like it, is implemented soon. If 
not, the only satisfaction we'll get is seeing the global 
warming naysayers proven dead wrong. 


Access 

The Heat Is On: The Climate Crisis, the Cover-Up, the 
Prescription, Ross Gelbspan, 1998, ISBN 0-7382-0025- 
5, 288 pages, paperback, US$14 from Perseus Books 
Group Customer Service Department, 5500 Central 
Ave., Boulder, CO 80301 * 800-386-5656 or 
303-444-3541 ¢ Fax: 303-449-3356 
westview.orders @ perseusbooks.com 
www.perseusbooks.com 


Richard Engel, Schatz Energy Research Center, 
Arcata, CA 95521 ° 707-826-4345 ¢ Fax: 707-826-4347 
rae7001 @humboldt.edu ¢ www.humboldt.edu/~serc 
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Sorporation 


Box 321 Placerville, CO 81430 


+ Modular integrated 
solar energy systems 

Use for: 

* lighting 

* communications 

* water pumping 


* small & large LI i 
PowerPods. 
with inverters up 
to 4000 watts AC. power” 

* small.unils are easily.” 
transported” a eae 

“+ energy efficient lights & 

appliances also wea 


7 Wie ot ae 


SUMMER SPECIALS 


* MOUNTING HARDWARE FOR 
MOST PV MODULES 


* BATTERY ENCLOSURES IN 
ALUMINUM, FIBERGLASS, & 
STEEL 


SOLAREX 65 & 80 W MODULES 
“MEET OR BEAT” GUARANTEE 


AUTHORIZED DISTRIBUTOR ALL TRACE PRODUCTS 


COMPLETE HOME POWER KITS 
& WATER PUMPING SYSTEMS 


TT ACE 


[ENGINEERING] 
ENGINEERING WATER MAX PUMPS 


EXCLUSIVE DISTRIBUTOR 


Southwest PV Systems 
& Supply Inc. 


212 E. Main St., Tomball, Texas 77375 


ph: 281-351-0031 
fax: 281-351-8356 


email: swpv@southwestpv.com 
orderline: 1-800-899-SWPV 


“WHERE SERVICE & VALUE 
HAVE NO COMPETITION” 
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Run Your GASOLINE GENERATOR ON PROPANE OR NATURAL Gas 
1-800-553-5608 


*Kits for Most Brands 


Briggs, Honda, Generac, Kohler, 

Onan, Tecumseh, Yamaha, & More US 
*Lowest Prices CARBURETION, 

You purchase directly from 


the Kit Center US Carburellon. Ine: 
. Ox 
* Easy Installation Building B-1 


Designed as Do-it-yourself Kits Canvas, WV26662 


WWW.USCARB.COM 


SolarRoofs.com 


Complete Solar Water Heaters starting at $895! 


FIREBALL 
2001 


PV Options 
Color Options 


Patented Design 


Dealer Inquiries 
Welcome 


Check out these Architecturally Attractive, 
Very Easy to Install, & Affordable Systems! 


We are Web based: www.solarroofs.com 
SolarRoofs.com, Carmichael, CA ¢ (916) 481-7200 


NOW ON SALE $469. 
COMPLETE WITH 
ROOF MOUNT KIT 

$499.! 


AO, 


THE WORLD'S BEST SELLING WIND TURBINE 
INSTOCK! CALL TOLL FREE 888-305-0278 
www.cetsolar.com 
Your Complete System Specialists 
Creative Energy Technologies 10 Main St. Summit, NY 12175 


Ness 

aaa 
POWER VENT 
12v & 24v - $79 
agv ~ $104 


+ $7 S&H (cont. U.S.) 
CO residents add 3% 


BATTERY BOX 
VENTILATOR 


& BACK DRAFT DAMPER 


* Positive hydrogen venting 

¢ Stops back drafts 

* Keeps batteries warmer 

¢ Minimal power consumption 

* Available in 12, 24 or 48 VDC 

* Trace SW Inverter or controller required 
to switch fan on/off automatically 


Zephyr Industries, Inc. 
POB 52, Salida, CO 81201 
719.530.0718 


www.zephyrvent.com 
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SUNAMP POWER CO. 


WE ARE 
SELLING THE SUN! 


15 YEARS OF QUALITY SERVICE & PRODUCTS 


CATALOGS 
AND 
DESIGN 
AVAILABLE 


SYSTEMS 


HOME ELECTRIC 
WATER PUMPING 
DC LIGHTING 
WHITE LEDs 
EVAP COOLING 
PURE WATER 


SOLAR 
MODULES 
WIND 
GENERATORS 
AND MORE 


7850 E. Evans Rd, S-104 
Scottsdale, AZ 85260 


800-677-6527 
Wwww.sunamp.com 


E-MAIL US AT: 
sunamp@sunamp.com 


ntl. 


AUTHORIZED DISTRIBUTOR 


Tacs) 


AUTOMAGIC BATTERY WATERING 


~~ 

WE MAKE WATER FROM YOUR GAS 
Hydrogen and oxygen battery gas catalytically recombined into pure 
water and returned to each battery cell. Keeps battery topped off for 
extended periods of time and reduces maintenance costs. Explosive 
hydrogen gas is virtually eliminated from the battery area. Corrosive 
spray and fumes are contained and washed back into each battery cell. 
Electrolyte kept strong longer, extending the useful power and life of the 
battery. HYDROCAP Vents simply replace the battery’s caps. Battery 
maintenance is greatly reduced. Write or call for more information. 


St d 305-696-2504 
= Hy Pocap 


975 NW 95 St. 
Things that Work! Miami, FL 331 50 


Home Power #78 ¢ August / September 2000 


Don’+ Monkey Around 
With Your Solar Electric System 
CALL THE PROFESSIONALS! 

The Internet’s Largest Solar Electric Professional Referral Service 


* Repair / Troubleshooting 

¥ Service 

# Licensed / Bonded Installers* 
¥ Systems Additions / Upgrades 


* Not available 
in all locations. 


www-.solarelectricrepair.com 


7812 East Acoma Drive 
Scottsdale, Arizona 85260 USA 
Telephone 888.950.7782 

FAX 480.951.6329 
repair@kyocerasolar.com 


CR KYOCERA 


KYOCERA SOLAR, INC. 


Zomeworks 
b/w on negative 


3.5 wide 
4.5 high 
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Sa 


—- Wood Fired 
Water Heaters 


For Homes, Cabins, Camps, Remotes, 
Solar Booster, Hot Tubs, Pools, Greenhouses! 
USA Made*3 Models* 10 Yr. Warranty 


Hot Products,Inc*Dept. HMP+300 Broadway-Eureka,CA 95501 
Tel: (707) 444-1311 *Fax (707) 444-1380-www.hotpro.com 


“STATE OF THE ART” 
Brushless DC Motor 


3/4+ hp weight 2.8 lb 

89% efficency 

24 VDC 

3200 rpm 

60 amps peak 

33 mgoe rare earth magnets 
Shaft 1” long x 8mm diameter 
Size 4.2” dia x 2.2” long 

2.8 |b 

Peak torque: 3.8 ft lbs 


Samples $300.- oem costs as low as $55. ea. 


Contact Transmagnetics Inc at www.transmag.com 
email: transmag1@juno.com * phone: 707-794-8205 


SOLAR COOLING 


WITH 


SOLAR CHIME 


ULTRA LOW ENERGY — 25 TO 80 WATTS! 


The most efficient coolers on the planet. 
12 & 24 Volt DC Evaporative Coolers 
For Your Home or Vehicle (KAR KOOL) 
Call SOUTHWEST SOLAR 
(520) 885-7925 Tuscon, Arizona, USA 
southwest-solar.com 


Do You Need Batteries?... 
RAE Storage Battery Company 


Since 1943... Quality & Service 
Surrette Solar 1, 400 Series, Type CH 375 - L16 
Engineered under careful guidelines 
by Dave Surrette - Family owned 
business Est. 1935 
Dyno Batteries 
Custom Built Superior Deep Cycle Batteries 
from M. Knowlton family Since 1933. 
Seattle, Washington 
If you need Competitive Pricing 
& Prompt Delivery call: 
860-828-6007 


Fax 860-828-4540 
51 Deming Rd., POB 8005, 
Berlin, CT 06037 
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Create an » 


ut 


with Greywater 


Your a Guide to Choosing, Building 


and Using Greywater Systems 


Wer vywers art Exzabieee BoQety Lowrie 
Ars Ludevig 


lo Save fresh water i 
GS Achieve highest 


te with wash waiter \> Reliewe strain an your septic tank 
4 treatment with little or ma energy and chemicals 


By Art Ludwig 
Reviewed by Joe Schwartz 


©2000 Joe Schwartz 


onservation is the first step 

toward creating an efficient and 

affordable renewable energy 
system. Art Ludwig’s book, Create an 
Oasis with Greywater, is a down-to- 
earth resource detailing the sanitary and 
efficient distribution of greywater to meet 
outdoor irrigation needs. 


Greywater is defined as any wastewater produced by 
the home, with the exception of toilet water 
(blackwater). The reuse of household greywater is a 
seriously under-utilized conservation practice in 
America and many other “overly developed” countries. 


Art’s Santa Barbara, California based company, Oasis 
Design, specializes in ecological systems design. He 
has designed greywater irrigation systems in both North 
and Central America. Create an Oasis with Greywater 


addresses a range of topics that relate to greywater 
technology. It provides household water use figures and 
irrigation requirements. The quality of greywater 
produced by various household sources is examined. 
Examples of different filtering and distribution systems, 
along with design considerations for the different 
techniques, are described and illustrated in detail. 


The book states straight out where and where not to 
use greywater. There’s even a section entitled 
“Greywater Misinformation and Common Errors,” which 
alerts greywater newcomers to failed greywater designs 
and potential maintenance headaches. 


Many greywater system designs incorporate a pump. In 
a highly energy-conserving household, an 
inappropriately sized greywater system pump could be 
one of the top three power draws in the house. Art 
steers all small-scale greywater re-users away from 
pumps due to energy, maintenance, and cost issues. 
This is a welcome perspective for RE households. It 
differs sharply from that of regulators and most 
greywater system vendors, who typically specify 
systems that feature a pump. 


Art’s book isn’t overly technical, but rather offers 
practical and field-tested advice related to the emerging 
field of greywater irrigation. The text is written in a laid 
back, often humorous style, and is a pleasurable—even 
relaxing—read. His hand-drawn line art of various 
greywater irrigation systems hints back to hippie-era 
classics like Shelter or Bill Mollison’s early 
Permaculture Design manuals. Numerous photos also 
show both water and landscape designs. 


Oasis has published two other books related to 
greywater. Builders Greywater Guide expands on 
system construction details, and explores code-related 
greywater issues. The just released Branched Drain 
Greywater System Manual explains Art’s latest design 
for simple, inexpensive, and maintenance-free 
subsurface irrigation. You can order all three books on 
the Oasis Web site. 


Water pumping is one of the largest energy demands 
on residential renewable energy systems. When part or 
all of a household’s irrigation is supplied by greywater in 
a gravity-feed system, the water only needs to be 
pumped once. This can add up to big energy savings. 
And in areas with low annual rainfall, it means 
conservation of an often scarce resource. 


Sound like a good idea? You bet! Create an Oasis with 
Greywater is an informative, enjoyable reminder to not 
overlook the obvious. Remember, our patterns of 


Ja bh 


resource use determine what’s “waste” and what isn’t. 
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Access 

Create an Oasis with Greywater: Your Complete Guide 
to Choosing, Building, and Using Greywater Systems, 
by Art Ludwig, 4th Edition, ISBN 0-9643433-0-4, 51 
pages, US$14.95 from Oasis Design, 5 San Marcos 
Trout Club, Santa Barbara, CA 93105 * 805-967-9956 
Fax: 805-967-3229 * odesign @sprynet.com 
www.oasisdesign.net 


Joe Schwartz, Home Power, PO Box 520, Ashland, OR 
97520 ¢ 530-475-3179 © Fax: 530-475-0836 
joe.schwartz @ homepower.com * www.homepower.com 


—— 


“___ } Great for filing fuel lanterns, heaters, 
stoves, barbecues, foggers, torches, 


> WW 
‘<> ee and other items. $ 9 5 
sgl - = | Made in USA 14 
. > ONLY 


CALL TODAY! 


888-493-4517 


AC/DC Inverters, Solar Electric Modules 
1-888-SOLARNOW 


lew Toll Free 
HORIZON INDUSTRIES 


We Sell The Best 
& ServiceThe Rest gai seria 
Mention This Ad & Receive A Free 100 Page Catalog 
2120 W Mission Rd (# L), Escondido, CA 92029 
(760) 480-0403 3.35 


www.horizonsolar.com 
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Book Review 


Amazon 


Power Company 


Photovoltaic Systems 
for Home, Water pumping, & RVs 


System Design, Sales, 
& Installation 


Donna Fischer 
Amazon Power Company 
RR 1,Box 1, Embudo, NM 87531 


505-579-4089 


Colorado Electrical Contractor Lic. #025230 
New Mexico Electrical Contractor Lic. # 80290 


QW PLANET DC 
Now! RParts carries 
Planet DC refrigerators 


and freezers. We have 
everything to meet all your 
refrigeration needs at RPrices. 
Guaranteed lowest. 


PARTS 


PARTS SOLUTION 


P.O.BOX5633 BERKELEY, CA 94705-0633 
(800) 720-3907 (510)436-3962 FAX (510)533-5605 


rparts@rparts.com www.rparts.com 
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Earn a degree in Renewable Energy 
with a concentration in Photovoltaic Design and Installation 
in two years or less at Soe 

x 
ee < 
re a 
San Juan College, Farmington, NM 
Classes start August 2000 
@ Prepare for a career with job opportunities in 
renewable energy businesses, equipment supply 
companies, remote power field service, utilities or 
international agencies. 
@ Learn about solar electric (photovoltaic), solar thermal, 


wind, micro hydro, and hydrogen energy conversion. 
@ Earn a 2 year AAS degree or 1 year certificate. 
Both emphasize full NEC compliance. 
@ Combine science with hands-on learning. 


San Juan College... 

@ Is a progressive community college located in 
the Four Corners. 

@ Tuition $300/semester maximum out-of-state and 
$180 in-state. Housing assistance available. 

Information: 
Carl Bickford, (505) 599-0503 or (800) 241-6327 
bickford@sjc.cc.nm.us 

website: www.sjc.cc.nm.us/reng/index.html 
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INTERNATIONAL 

Free instructions, photos, drawings, & specs 
to build solar cookers & water systems with 
local materials purchased with local 
currency. SUNSTOVE * www.sungravity.com 


CANADA 


Oct. 15-18 ‘00. International EV Symposium: 


exhibition & drive. Race an EV on a Formula 
One track. EVS-17 * 650-365-2802 

Fax: 650-365-2687 

ElectricEVent17 @ aol.com 


Oct. 21-24, ‘00. Halifax, Nova Scotia. Rise 
and Shine 2000, Canada’s 26th National 
Solar Energy Conference. Keith Robertson 
902-422-1557 
www.chebucto.ns.ca/Technology/RS2000 


Alberta Sustainable House: open house 3rd 
& 4th Saturdays, 1-4 PM. Cold-climate 
features/products regarding health, 
environment, conservation, RE, recycling, 
low energy, self-sufficiency, appropriate 
technology, autonomous & sustainable 
housing. Free. 9211 Scurfield Dr. NW, 
Calgary, AB T3L 1V9 Canada 
403-239-1882 ¢ Fax: 403-547-2671 

jdo @ucalgary.ca * www.ucalgary.ca/~jdo 


The Institute for Bioregional Studies 
demonstrates & teaches ecologically- 
oriented, scientific, social, & technological 
achievements. IBS, 393 University Ave., 
Charlottetown, PEI C1A 4N4 Canada 
902-892-9578 


Vancouver Electric Vehicle Association. Call 
for meeting info. PO Box 3456, 349 West 
Georgia, Vancouver, BC V6B 3Y4 Canada 
604-878-9500 ¢ info @veva.bc.ca 
www.veva.bc.ca 


CHINA 

Nov. 23-26, ‘00. Beijing, China. Intl. 
Development & RE Conference. CERE 2000 
Secretariat, Yong ZHANG, No. 1 Sandaokie, 
Jianguomenwai, Beijing 100022, P.R. China 
86-10-65157760 ¢ Fax: 86-10-65158442 

cisc @ midwest.com.cn 
www.ciscexpo.orgen.net 


FRANCE 

Sept. 7-9, ‘00. Aix-en-Provence, France. PV 
Hybrid Power Systems conference. Includes 
lectures, oral presentations, poster 
presentations. PVHPS-O.T. Bureau des 
Congres, 2 place du General de Gaulle BP 
160, 13605 Aix en Provence Cedex 1, 
France ¢ 33 (0) 442 161 173 

Fax: 33 (0) 442 161 179 

congres @ aixenprovencetourism.com 
www.aixenprovencetourism.com 


MEXICO 

Sept. 19-22, ‘00. Mexico City. ISES 
Millennium Solar Forum 2000—Mexico. 
Renewable energy and the environment. 
Simultaneous translation in English & 


Spanish available. Students & NGO’s: 1,200 
$MEX; General public: 1,800 $MEX. 
Conference location: Centro de Negocios y 
Comercio de la Ciudad de México, Morelos 
67, Col. Juarez, México D.F. Information: 
Laura Kuri, Centro de Investigaciones en 
Energia, UNAM, A.P. 34, Temixco 62580, 
Morelos, Mexico 

iseseco @ mazatl.cie.unam.mx 
www.anes.org/ecologia/pagina.html 


NICARAGUA 

Aug. 1-11, ‘00 & Jan. 2-12, ‘01. Short course 
on solar energy in Nicaragua. An opportunity 
to offer your hands, heart, & a unique gift— 
electricity! Introduction to PV for developing 
countries, course offers lectures, field 
experience, & tourism. In English, by Richard 
Komp & Susan Kinne. US$750, plus airfare. 
Barbara Atkinson ¢ 215-942-0184 

lightstream @igc.org 


NATIONAL U.S. 

Pollution Prevention Video Series. 
Appalachia Science in the Public Interest 
offers 42 in-depth videos, incl. Solar Dry 
Composting Toilets, Solar Hot Water 
Systems, PV, Solar Space Heating, Solar 
Powered Automobile, Quilted Insulated 
Window Shades, & more. Each US$25 + 
S&H, broadcast quality tapes available. Call 
or write for info or a brochure. ASPI 
Publications, 50 Lair St., Mt. Vernon, KY 
40456 * 606-256-0077 * Fax: 606-256-2779 
aspi@kih.net * www.kih.net/aspi 


American Wind Energy Association. Info 
about U.S. wind industry, membership, small 
turbine use, & more. www.awea.org 


State financial & regulatory incentives for RE 
(reports). North Carolina Solar Center, Box 
7401 NCSU, Raleigh, NC 27695 
919-515-3480 Fax: 919-515-5778 
www.ncsc.ncsu.edu/dsire.htm 


Energy Efficiency & Renewable Energy 
Clearinghouse (EREC): Insulation Basics 
(FS142), New Earth-Sheltered Houses 
(FS120), PV: Basic Design Principles & 
Components (FS231), Cooling Your Home 
Naturally (FS186), Automatic & 
Programmable Thermostats (FS215), & 
Small Wind Energy Systems for the 
Homeowner (FS135). EREC, PO Box 3048, 
Merrifield, VA 22116 * 800-363-3732 

TTY: 800-273-2957 ¢ energyinfo @ delphi.com 
www.eren.doe.gov 


Energy Efficiency & Renewable Energy 
Network (EREN): links to government & 
private internet sites & offers “Ask an Energy 
Expert’ online questions to specialists. 
800-363-3732 * www.eren.doe.gov 


Green Power Web site: deregulation, green 
electricity, technology, marketing, standards, 
environmental claims, & national & state 


policies. Global Environmental Options 
(GEO) & CREST * www.green-power.com 


National Wind Technology Center. Assisting 
wind turbine designers & manufacturers with 
development & fine tuning. Golden, CO 
303-384-6900 * Fax: 303-384-6901 


Tesla Engine Builders Association: info & 
networking. Send SASE to TEBA, 5464 N 
Port Washington Rd. #293, Milwaukee, WI 
53217 © teba@execpc.com 
www.execpc.com/~teba 


Sandia’s Stand-Alone Photovoltaic Systems 
Web site: a handbook of recommended 
design practices, working safely with PV, 
balance-of-system technical briefs, & info on 
battery & inverter testing. www.sandia.gov/pv 


Solar Energy & Systems. Fundamentals of 
Small RE: Internet college course. Weekly 
assignments reviewing texts, videos, WWW 
pages, & email Q&A. Mojave Community 
College * 800-678-3992 

lizcaw @ et.mohave.cc.az.us 
www.solarnmc.mohave.cc.az.us 


Federal Trade Commission (free pamphlets): 
Buying An Energy-Smart Appliance, Energy 
Guide to Major Home Appliances, & Energy 
Guide to Home Heating & Cooling. Energy 
Guide, FTC, Rm 130, 6th St. & Pennsylvania 
Ave. NW, Washington, DC 20580 
202-326-2222 © TTY: 202-9326-2502 
www.ftc.gov 


Solar Curriculum For Upper Elementary & 
Intermediate Grades. Six week science 
curriculum or individual sessions—free! Over 
30 classroom presentations & demos using 
free or low-cost materials. Susan Schleith, 
Florida Solar Energy Center ¢ 321-638-1017 
www.fsec.ucf.edu 


ALABAMA 

Centre, AL. The Self-Reliance Institute of NE 
Alabama seeks others interested in RE, 
earth-sheltered construction, & other self- 
reliant topics. SINA, 6585 Co Rd. 22, Centre, 
AL 35960 * cevans9 @tds.com 


ARIZONA 

Glendale & Scottsdale, AZ. Living with the 
Sun: lecture series by AZ Solar Energy 
Association. Topic: How to save money & the 
environment. Includes history & current 
overview of concepts, design, applications, & 
technologies on solar heating/cooling, 
architecture, landscaping, PV, & cooking. 
7-9 PM, first Wed. of every month at 
Glendale Foothills Branch Library & third 
Tuesday of every month at Scottsdale 
Redevelopment & Urban Design Studio. Jim 
Miller * 480-592-5416 


Kyocera Solar Seminars. Aug. 15-17, ‘00: 
Advanced technical training by professionals 
& senior engineers. Sept. 19-21, ‘00. Solar 
Water Pumping: taught by a solar water 
delivery professional; includes overview, 
systems, products, & hands-on training. 
Kyocera Solar, Inc. Training Dept. 
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800-544-6466 ext. 7148 * Fax: 480-443-4562 
seminars @ kyocerasolar.com 
www.kyocerasolar.com 


Tax credits for solar in AZ. A technician 
certified by the AZ Department of Commerce 
must be on the job site. ARI SEIA 
602-258-3422 


ARKANSAS 

Mt. Ida, AR. Sun Life Construction by 
Design: Seminars 3rd Sunday of each month 
on our passive solar earth-sheltered project 
near Lake Ouachita. Hands-on seminars 
incl. ferro-cement, building permanent 
dwellings for minimal materials expense. 
US$40 per day (includes construction 
manual). Loren Impson, 71 Holistic Hollow, 
Mt. Ida, AR 71957 * 870-867-4777 

loren @ipa.net * www.Sun4Life.com 


CALIFORNIA 

Aug. 26-27, ‘00. Hopland, CA. SolFest 2000: 
Fifth Annual Real Goods SolFest. Speakers, 
entertainment, over 40 educational 
workshops, exhibitors, tours, children’s 
activities, & more. PO Box 836, Hopland, CA 
95449 © 707-744-2017 ¢ isl @rgisl.org 
www.solarliving.org 


Arcata, CA. Campus Center for Appropriate 
Technology, Humboldt State University. 
Ongoing workshops & presentations on 
alternative, renewable, & sustainable living. 
CCAT, HSU, Arcata, CA 95521 
707-826-3551 * ccat@axe.humboldt.edu 
www.humboldt.edu/~ccat 


Asilomar, CA. Efficiency & Sustainability, 
ACEEE Summer Study: building 
technologies for professionals. ACEEE, PO 
Box 7588, Newark, DE 19714 
302-292-3966 ¢ Fax: 302-292-3965 
rlunetta @ erols.com 


Energy Efficiency Building Standards for CA. 
CA Energy Commission ¢ 800-772-3300 
www.energy.ca.gov/title24 


Hopland, CA. Workshops through Oct. on 
RE, straw bale, ecological design, & 
sustainable living. Real Goods, Hopland, CA. 
Institute for Solar Living, PO Box 836, 
Hopland, CA 95449 * 707-744-2017 
isl@rgisl.org * www.solarliving.org 


COLORADO 

Aug. 5-6, ‘00. Carbondale, CO. Successful 
Solar Businesses. Richard & Karen Perez 
show how to make your RE business 
succeed, drawing upon their vast RE 
business experience. US$200, advance 
registration required, limited space. SEI, PO 
Box 715, Carbondale, CO 81623 
970-963-8855 Fax: 970-963-8866 

sei @solarenergy.org * www.solarenergy.org 


Sept. 2-4, ‘00. Crestone, CO, in the park. 
Crestone Energy Fair: 11th Annual. EV rally, 
RE workshops, solar stage, & RE tours. Box 
222, Crestone, CO 81131 * 719-256-4838 


Carbondale, CO. Solar Energy International: 
hands-on workshops. 1 & 2 week sessions 


Happenings 


include PV design & installation, advanced 
PV, wind power, microhydro, solar cooking, 
environmental building technologies, solar 
home design, & straw bale construction. 
Experienced instructors & industry reps. For 
owner-builders, industry technicians, 
business owners, career seekers, & 
international development workers. 
US$500/week. SEI, PO Box 715, 
Carbondale, CO 81623 « 970-963-8855 
Fax: 970-963-8866 ¢ sei@solarenergy.org 
www.solarenergy.org 


ILLINOIS 

Oct. 14, ‘00. Olson Conference Center, 
Western Illinois University, Macomb, IL. 
Alternative Resources For A Healthy 
Environment Expo 2000. Soy, cotton, kenaf, 
amaranth, & hemp products. Solar race cars, 
huge solar oven, bluegrass/folk music, & door 
prizes. 9-4 PM, US$2 per person. Sponsored 
by Save Our Land & Environment (S.O.L.E). 
Kathy * 309-837-3150 ¢ Fax: 309-833-1176 
http://nomepages.go.com/~earthprotect 


IOWA 

Aug. 5, ‘00. Wartburg College, Waverly, IA. 
lowa Renewable Energy Expo: 9th annual. 
Tours of Waverly Light & Power wind, hydro, 
& fossil fuel facilities. Vendor displays, 
Electrathon demo, workshops on active & 
passive solar, PV, & wind. Hands-on classes 
wiring & raising a wind generator tower & PV 
systems. IRENEW, PO Box 355, Muscatine, 
IA 52761 © 319-288-2552 

irenew @irenew.org 


IRENEW PV Solar Traveler Trailer. Trailer 
visits IRENEW Energy Expo, Wartburg 
College, Waverly, lowa, Aug. 5, ‘00. Trailer 
powers sound stage at the lowa State Fair, 
Des Moines, lowa, mid-Aug. for 12 days. 
IRENEW, PO Box 355, Muscatine, IA 52761 
319-288-2552 ¢ irenew @irenew.org 


Prariewoods & Cedar Rapids, IA. lowa 
Renewable Energy Association (IREA): 
meets 2nd Sat. every month at 9 AM. All 
welcome. Call for schedule changes. 
IRENEW, PO Box 466, North Liberty, IA 
52317 * 319-875-8772 « irenew @irenew.org 
www.irenew.org 


KENTUCKY 

Oct. 21, ‘00. Mt Vernon, KY. Solar Tour Day: 
Appalachia—Science in the Public Interest. 
Solar cookers, dryers, fans, space heating, 
water heating, automobile, greenhouses, PV 
systems, & more. ASPI, 50 Lair St., Mt 
Vernon, KY 40456 * 606-256-0077 
aspi@kih.net * www.kih.net/aspi 


Livingston, KY. Appalachia—Science in the 
Public Interest. Projects & demos in 
gardening, solar, sustainable forestry, & 
more. ASPI, Rt 5 Box 423, Livingston, KY 
40445 « Phone/Fax: 606-453-2105 
aspi@kih.net * www.kih.net/aspi 


MASSACHUSETTS 
Greenfield, MA. Greenfield Energy Park 
needs help preserving Greenfield’s historic 


past, using today’s energy & ideas, creating 
a sustainable future. Greenfield Energy Park, 
NESEA, 50 Miles St., Greenfield, MA 01301 
413-774-6051 * Fax: 413-774-6053 


MICHIGAN 

Aug. 4-6, ‘00. Lansing, MI. Sixth Annual 
Renewable Energy Fair: by Great Lakes 
Renewable Energy Assoc. Keynote: Peter 
Dreyfuss, head of the Million Solar Roofs 
Program. Renewable industry & teacher 
education seminars on Friday, AE & 
sustainable development workshops, 
displays, demonstrations, & children’s area. 
Free. 616-887-0233 ¢ glrea@ aol.com 
www.ermisweb.cis.state.mi.us/GLREA 


Tillers International, classes in draft animal 
power, small farming, blacksmithing, 
woodworking. 5239 S 24th St., Kalamazoo, 
MI 49002 ¢ 616-344-3233 

Fax: 616-344-3238 ¢ TillersOx @ aol.com 
www.wmich.edu/tillers 


MONTANA 

Whitehall, MT. Sage Mountain Center: 
seminars & workshops, one day, inexpensive 
sustainable home building, straw bale const., 
log furniture, cordwood const., solar 
electricity, & more. SMC, 79 Sage Mountain 
Trail, Whitehall, MT 59759 

Phone/Fax: 406-494-9875 
cborton @ sagemountain.org 


NEW MEXICO 

Moriarty, NM. Profit From The Sun: 
workshops on RE, energy conservation, 
sustainable living, & energy independence. 
PFS ¢ 505-281-1300 days * 505-832-1575 
eves & weekends ° proffit @ flash.net 
www.proffitfromthesun.com 


NEW YORK 

Oct. 15-19, ‘00. Bioenergy 2000—Moving 
Technology into the Marketplace: the 9th 
biennial Bioenergy Conference. NRBF 
202-624-8464 « nrbp @sso.org 


NORTH CAROLINA 

Saxapahaw, NC. How to Get Your Solar- 
Powered Home: seminars 1st Sat. of each 
month. Solar Village Institute, PO Box 14, 
Saxapahaw, NC 27340 ¢ 336-376-9530 
Fax: 336-376-1809 « solarvil@netpath.net 


OHIO 

Perrysville, OH. RE Classes: 2nd Sat. of 
each month, 10-2 PM. Tech info, system 
design, NEC compliance, efficient 
appliances. Also hands-on straw bale post & 
beam building. US$70, or US$90 w/spouse, 
in advance. Solar Creations, 2189 SR 511 S., 
Perrysville, OH 44864 * 419-368-4252 
www.bright.net/~solarcre 


OREGON 

Northwest Energy Education Institute 
classes: Eugene, OR. Aug. 9-11, ‘00: 
Passive Solar Building Design. Instructor: 
Roger Ebbage. US$225. Aug. 14-15, ‘00: 
Stand Alone Photovoltaic Systems. 
Instructor: Greg Holder. Final project will be 
powering an outdoor garden fountain. 
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Happenings 


US$425. 800-769-9687 * www.nweei.org 
ebbager @lanecc.edu 


Cottage Grove, OR. Aprovecho Research 
Center, non-profit edu. org: 10 week fall 
internships on appropriate tech, sustainable 
forestry, & organic gardening. Aprovecho 
Research Center, 80574 Hazelton Rad., 
Cottage Grove, OR 97424 * 541-942-8198 
apro @efn.org * www.efn.org/~apro 


PENNSYLVANIA 

Aug. 21-23, ‘00. Pittsburgh, PA. Energy 
2000 Energy Efficiency Workshop & 
Exposition: energy managers conference. By 
DOE’s FEMA Program, Dept. of Defense, & 
the General Services Admin. Florida Solar 
Energy Center, 1679 Clearlake Rd., Cocoa, 
FL 32922 ¢ 800-395-8574 

joann @fsec.ucf.edu 


TENNESSEE 

Summertown, TN. Kids to the Country: a 
nature study program for at-risk urban 
Tennessee children. Sponsorships & 
volunteers welcome. 51 The Farm, 
Summertown, TN 38483 ¢ 931-964-4391 
Fax: 931-964-4394 « ktcfarm @usit.net 


MomesTEATYD 


“For homesteaders on a budget 


TEXAS 

Sept. 29—Oct. 1, ‘00. Fredericksburg, TX. 
Renewable Energy Roundup: RE exhibits, 
demonstrations, workshops, & tours. TX RE 
Industries Assoc. & Texas Solar Energy 
Society * 512-345-5446 * R1346 @aol.com 
www.renewableenergyroundup.com 


El Paso Solar Energy Association bilingual 
Web page. Info in Spanish on energy & 
energy saving. www.epsea.org 


El Paso, TX. El Paso Solar Energy 
Association: monthly meetings normally held 
1st Thurs of every month at UT El Paso, Rm 
205 of Classroom Bldg (next to Engineering 
Bldg). EPSEA, PO Box 26384, El Paso, TX 
79926 * 915-772-solr * epsea @txses.org 
www.epsea.org 


Houston, TX. Houston Renewable Energy 
Group: monthly meetings last Sunday of odd- 
numbered months at the TSU Engineering 
Building, 2 PM. HREG, PO Box 580469, 
Houston, TX 77258 

jferrill@ev1.net 
www.txses.org/hreg/HREGhome.htm 


Free 


Catalog 


yy 


www.homesteadsolar.com 


“EXPLORE 


aa 


pe 


AC / DC/ Oil / Propane 
8.5 cu ft freezer 
FP300 


Tel: (858) 587-9766 + Fax: (858) 587-9865 
e-mail: sales@explorerfridges.com 
www.explorerfridges.com 
7010 Carroll Rd., San Diego, CA 92121 


AC / DC/ Propane 
7.8 cu ft Refrigerator 
GRQ8: $850.00 


877.222.4990 


Powered by 


an 
3 
HONDA | 


WASHINGTON STATE 

San Juan Islands, WA. SEI Workshops. Oct. 
13-15, ‘00: Microhydro Power, US$250. Oct. 
16-21, ‘00: Photovoltaic Design & 
Installation, US$500. Oct. 23-28, ‘00: Wind 
Power with Mick Sagrillo, US$500. Oct. 29, 
‘00: Renewable Energy for the Northwest, 
US$75. SEI, PO Box 715, Carbondale, CO 
81623 © 970-963-8855 * Fax: 970-963-8866 
sei @ solarenergy.org * www.solarenergy.org 
Local contact: 
ian.woofenden @ homepower.com 


WISCONSIN 

Amherst, WI. Midwest Renewable Energy 
Association (MREA) Workshops. See ad. 
Call for cost, locations, instructors, & further 
workshop descriptions. MREA membership & 
participation: all welcome. Significant others 
half price. MREA, PO Box 249, Amherst, WI 
54406 ° 715-824-5166 © Fax: 715-824-5399 
mreainfo @ wi-net.com 


GHEAPESTSOLAR 


xX 


Charge batteries faster & with half the fuel 


einai 


12, 24, or 48 voit 
DC generator 


Ld 

. 
rs. see TtW!: 
= HP68, pg78 


ENGINES 
Authorized O.E.M. 


Feather River 
Solar Electric 


5575 Genesee Rd. 
Taylorsville, CA 95983 

toll free: 888-840-0788 

web: www.gennydeecee.com 
email: info@ gennydeecee.com 


Dealer 
Inquiries 
Invited 


120 


Home Power #78 ¢ August / September 2000 


SAVE OVER 31% Phoenix Composting Toilet System 


F Odorless * Waterless * Large Capacity 
1600 Watt Photovoltaics system Low Energy Requirements * Owner-Friendly 


j ill j idi Advanced Composting Systems Sunergy Systems, LTD 
Everything still In original boxes 195 Meadows RD Box 70, Cremona AB TOM ORO 


My cost $13,062.88 Your cost $9,000 Voice, 406-869-3854 sine heveteeplanet rel 


sunergy@telusplanet.net 
Fax: 406-862-3855 In British Columbia: 


785-827-7046 Email-waynezach @ yahoo.com phoenix@compostingtoilet.com Voice: 250-751-0053 
www.compostingtoilet.com Fax: 250-751-0063 


LOWEST PRICES UNDER THE SUN! 


Solar Electric Inc. I luti 
mmm OOS Santa Fe St. #D, San Diego, CA 92109-1602 USA 
, 858-581-0051, 858-581-6440 fax, 1-877-842-5678 TOLL FREE FAX solarsolutions.com 
i 7 www.solarelectricinc.com, email: solar@cts.com P 
1-800-842-5678 Solar, wind, gensets & components 
Best Selection! Lowest Prices! Guaranteed! Major credit cards accepted 


=o Abe unseuar. renersar 


Energy online!! 


Model 12 PWM Charge contenes 
Change the World * Digital metering 


Affordable Solar Electricity * Internal fuses 
* 1/2" conduit ready 


* 12 amp capacity 

* Temp compensation 

* Equalization switch 

« Adjustable float voltage 

* Architectural design services erry ee ¢ For 12 or 24 volts 

* Offices in VI, NH, ME,CT, & a ¢ Lightning protection 
RI, NY, & MD 7a ‘y ¢ 5 year warranty 

+ Available world wide 


Since 1980, Solar Works, Inc., has been designing and installing Wy 
renewable energy systems around the world. Call us at 1-802- Ur, 
TF 


223-7804 or visit us at www.solar-works.com 


SOLAR WORKS B. Z. Products, Inc. 


7614 Marion Ct., St. Louis, MO 63143, USA 
64 Main Street, Montpelier, VT 05602 tel: 314-644-2490 « fax: 314-644-6121 * email: bzp@inlink.com 


* Complete, UL-listed grid-tied Im 
PY systems 


* Custom PV & Wind systems 
for remote locations 


Harris Hydroelectric 
Hydro- -Power for Home. Use 


Works with heads as low as 10 feet + Price starts at $750 
New Features: 
17 bucket reshaped Pelton wheel 
Powder coated castings 
More efficient stator in high output models 


DAAAA 632 Swanton Road 
ae Davenport, CA 95017 
E 831-425-7652 


"The best Alternator-based MicroHydro generator I've ever seen." 
Bob-O Schultze, Hydroelectric Editor, Home Power Magazine 
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The Wizard Speaks 


the bard 
=~ speaks... 


“Thoughts 
On Magnetic 
Induction 


ately I’ve been considering a 

scheme to extract free energy 

using magnetic induction. 
Consider a long wire carrying a low 
power, high frequency alternating 
current. Imagine that wire surrounded 
by a series of toroidal coils. The wire 
runs through the center of the doughnut- 
shaped coils. 


f 


The current in the wire creates a changing magnetic 
field, which will induce a changing electric field in each 
coil. Although the induced current in each coil opposes 
the magnetic field from the wire, it does not necessarily 
affect the current in the wire. If it does not, then we may 
be able to get more power from the coils than is put into 
the wire. This would be done by increasing the number 
of coils in the device. 


Preliminary calculations indicate that if this is possible, 
the frequency of the alternating current in the long wire 
must be at least ten million cycles per second. A lower 
frequency would require too many coils to be practical. 
A higher frequency would increase the output from each 
coil. 


| do not know for sure if this analysis is correct. There 
may be some factors that I’m not taking into account. 
Some of these may be related to the operation of the 
device at such high frequencies. However, it is possible 
that this analysis is correct, and describes a potential 
free energy process. = 


‘ independent Energy Systems 


CA Lic. #661052 
Our 17th Year Offgrid! 
We provide excellent service 
and technical support. 


Residential Power * Water Systems * Communications 
Wind ¢ PV « Hydro ¢ Custom Design ¢ Installation * Mail Order 


All Major Brands 


Toate 
(559) 877-7080 


e-mail: ofln@aol.com 
hitp://www.psnw.com/~oflin 


located in the central Sierra, near Yosemite 


OFFLINE 
P.O. Box 231 
North Fork, CA 

MEMBER 93643 


SIEMENS SanFrost 


‘Teed of city living, retired to 
the country, or just searching 
for a better way of life. . . 
thousands of eager readers are 
moving in the right direction— 
BackHome. It’s the magazine of 
sustainable, self-reliant living, 
each issue jam-packed with 
information chosen to guide 
you toward a more satisfying, 
more productive life on your own terms. 


Take control of your life and try BAcKHomME— 
we’re sure you won’t be disappointed. 
Each issue 1s filled with detailed articles on: 


* Owner-built and mortgage-free homes 

¢ Alternative and renewable energy 

¢ Small and rare-breed livestock ae food & profit 
* Successful home business 

* Do-it-Yourself auto and workshop projects 

* Alternative and home education 


One year/six issues $18.97. 
Two years $34.97. Sample issue $4.00 
For information contact BackHome Magazine, 
www.BackHomeMagazine.com 
P.O. Box 70-HP, Hendersonville, NC 28793, or call 


800-992-2546 
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Writing for 
Home Power 
Magazine 


ome Power is a user’s technical 

journal. We specialize in hands- 

on, practical information about 
small-scale renewable energy systems. 
We try to present technical material in 
an easy to understand and easy to use 
format. Here are some guidelines for 
getting your RE experiences printed in 
Home Power. 


Informational Content 

Please include all the details! Be specific! We are more 
interested in specific information than in general 
information. Write from your direct experience—Home 
Power is hands-on! Articles must be detailed enough so 
that our readers can actually use the information. 


Article Style and Length 

Home Power articles can be between 350 and 5,000 
words. Length depends on what you have to say. Say it 
in as few words as possible. We prefer simple 
declarative sentences which are short (less than fifteen 
words) and to the point. We like the generous use of 
subheadings to organize the information. We highly 
recommend writing from within an outline. Check out 
articles printed in Home Power. After you’ve studied a 
few, you will get the feeling of our style. System articles 
must contain a schematic drawing showing all wiring, a 
load table, and a cost table. Please send a double 
spaced, typewritten, or printed copy if possible. If not, 
please print. 


Written Release 

If you are writing about someone else’s system or 
project, we require a written release from the owner or 
other principal before we can consider printing the 
article. This will help us respect the privacy rights of 
individuals. 


Editing 
We reserve the right to edit all articles for accuracy, 


length, content, and basic English. We will try to do the 
minimum editing possible. You can help by keeping 


Writing for Home Power 


your sentences short and simple. We get over three 
times more articles submitted than we can print. The 
most useful, specific, and organized get published first. 


Photographs 

We can work from any photographic print, slide, or 
negative. We prefer 4 by 6 inch color prints with no 
fingerprints or scratches. Do not write on the back of 
your photographs. Please provide a caption and photo 
credit for each photo. 


Line Art 

We can work from your camera-ready art, scan your art 
into our computers, or redraw your art in our computer. 
We often redraw art from the author’s rough sketches. If 
you wish to submit a computer file of a schematic or 
other line art, please call or email us first. 


Got a Computer? 

Send us the text for your article on 3.5 inch computer 
floppy diskette, either Mac or IBM format. We can also 
read ZIP disks (either Mac or IBM), Magneto-Optical 
disks (128 MB, 230 MB, 1.2 GB, and 1.3 GB, all Mac 
only), and CD-ROMs. This saves time and reduces 
typos. Please also send a hard copy printout of your 
article. Save all word processor files in “TEXT” or 
“ASCII TEXT” format. This means removing all word 
processor formatting and graphics. Use your “Save As 
Text” option from within your word processor. Please 
don’t just rename the file as “text” because it will still 
include unreadable (at least to us) word processor 
formatting. 


You can send your article via Internet to 
richard.perez@homepower.com as an attached ASCII 
TEXT file. If you are sending graphics, or articles with 
embedded graphics, then use this email address: 
ben.root @ homepower.com 


It is wise to telephone or email ahead of electronic file 
submission. This is particularly true concerning graphics 
files. There are many, many, many ducks and they all 
need to be in a row.... 


Got any questions? Give us a call Monday through 
Friday from 9-5 Pacific Time and ask. This saves 
everyone’s time. 


Access 

Richard Perez, Home Power, PO Box 520, Ashland, OR 
97520 USA ¢ 530-475-3179 

Fax: 530-475-0836 (24 hours a day) 
richard.perez @ homepower.com 

www.homepower.com re 
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Who Reads Home Power? 

Richard, In the recent article, Who Does 

What at Home Power (HP76, page 152), it was 

fun to meet the faces behind Home Power. | was 
interested in the diverse personal, technical, and 
professional backgrounds of the people who produce 
this fine RE resource. It also caused me to consider the 
diversity of the readership. What kind of folks read 
Home Power? 


| came up with five main groups, which | call the five 
Gs: 


GRIDLESS: These folks are here out of necessity. They 
find themselves living in off-grid locations. HP provides 
the number one source of answers to their problems. 


GREENS: Out to save our planet, this group’s main 
interest in HP is eco-friendly power. HP offers 
grassroots RE solutions that an individual can apply 
today. 


GUERRILLAS: Motivated by an often-justified animosity 
toward utility monopolies, utility-bill independence is 
their goal. Political action is frequently their weapon of 
choice. 


GUILD: RE professionals who make a living off the 
renewable energy industry. They do their homework by 
reading HP and also find the perfect advertising 
audience here. 


GEEKS: From electrical engineers to basement 
tinkerers armed with soldering irons, these guys and 
gals get their kicks inventing solutions to the challenges 
that RE creates. 


| would suspect that most readers belong to more than 
one of these five groups. | find that the longer | read 
Home Power, the more | learn about and become 
drawn at some level into all five Gs. Diversity really is a 
great asset not only at HP but also among its readers. 
Russ Barlow, Pittsburgh, Pennsylvania 

srbarlow @ nauticom.net 


Hello Russ. Thanks for the humorous but accurate 
portrayals—our chuckle for the day. Michael Welch 


Hey Russ, | happen to fit into all five of your G 
categories. Since we began giving the current issue 
away on the Internet, we don’t have as clear a picture 
of who reads Home Power and why. Back in the old 
days, everyone filled out a sub form, and we had some 
idea of what they were doing with RE and why. These 
days, about two thirds of our over 75,000 circulation 
goes down on the Internet and is totally anonymous. 
Richard Perez 


Solar Water Pumping 

Dear HP Thanks to you and Windy Dankoff for showing 
a great water system (HP76, page 26). | am a big fan of 
using underground well pits for all the reasons Windy 
noted, and will no doubt use at least one in my future 
home site, but the picture of Windy Dankoff emerging 
from his water tank gave me cause for some concern. 


My everyday occupation has exposed me to training 
regarding a little thing referred to as “confined space.” A 
confined space is defined as a place with difficult 
access—one way in and out, and not suited for regular 
habitation by people (kinda like my teenage son’s 
bedroom). Some common examples are underground 
tanks, vaults, water tanks, raised water towers, sewer 
lift stations, tank trucks, elevator shafts, and storm 
drains. 


People go into these places to clean the tanks, do 
plumbing, wiring, and regular maintenance. When they 
enter these spaces, they can be exposed to many risks 
including falling, engulfment, electrocution, explosive 
atmospheres, low oxygen levels, and poisonous gases. 
The big problem is that when an unfortunate thing 
happens, it is often difficult to remove the person from 
the space without putting the rescuer in contact with the 
same risks. Like many drownings, these incidents often 
result in two deaths, the victim and a would-be rescuer. 


Methane can enter the confined space from rotting 
vegetation in the soil, or from leaves and grass that end 
up in the bottom of tanks. It can reach explosive levels 
and can be ignited from sources such as pump 
switches or pilot lights. Rusting steel tanks that have 
little ventilation can have dangerously low oxygen 
concentrations because of the oxidation process. 
Hydrogen sulfide can be present in the soil. It has a 
rotten-egg smell, but quickly destroys your sense of 
smell and is extremely toxic. If you can smell it, you are 
in the wrong place. 


The danger here is that once you climb down a ladder 
into one of these atmospheres, you will not be able to 
climb back out and will quickly become unconscious in 
an environment better suited for aliens than carbon- 
based life forms. People who work in these spaces 
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must have continuous monitoring of the atmosphere 
through the use of four gas monitors. 


Purely in the interest of science, | thought | might offer 
some annoying safety information to HP readers. 
Before entering these spaces, make sure that you have 
minimized the hazards. Do you need to have the power 
on when you go down there? Ventilate, ventilate, 
ventilate! Just like your battery box, it’s important to 
provide for air exchange. Before we enter these 
spaces, we always ventilate with a big spark-proof fan, 
even if the monitors show no bad atmosphere. And it 
might not hurt to let someone know where you are 
going prior to entering the space. Well, this makes 
going down to the basement for a jar of grandma’s 
canned peaches quite an ordeal, eh? My kids call me 
Mister Safety. 


Water pumping has been on my mind lately as my wife 
and | are about to break ground on a small home and 
separate guest house (off the grid) here in Montana. 
Windy’s system design addresses many of the issues 
with which we have been wrestling. Using heat from the 
ground to prevent freezing pipes and maintain battery 
temperature makes leaving a home unattended in the 
winter more feasible with less worry. The concept of 
burying pump houses is not a new idea, but one that 
can pose some interesting problems. 


Friends of ours have a cabin (on the grid) that uses a 
cement vault (septic tank size) to house the AC pump 
controls, pressure tanks, and water filters. This tank 
was initially covered with a substantial amount of dirt, 
but erosion has left only about 3 inches of soil on top of 
the tank. This situation has caused some difficulties. 
The concrete lid has a very low insulating value. The 
tank also has a seam about halfway up the wall that 
was initially sealed with a mastic gasket material, but 
now allows seepage of groundwater into the tank. The 
tank was not coated with a foundation coating before 
being buried. 


Whoever did the work installed a 12 inch electric 
baseboard heater on the wall near the ceiling. This 
heater came on at 45°F, and as you can imagine, never 
shut off except in the summer. Because of the lack of 
insulation on the ceiling, the heater would consistently 
melt the snow off the lid, exposing the top of the tank to 
winter’s most extreme temperatures. 


We set off to limit the use of the auxiliary heater to all 
but the coldest of winters in which there was a minimum 
of insulating snow cover. The owners were hesitant to 
haul in a bunch of fill to cover the tank to a proper 
insulating depth. We picked up some 2 inch blueboard 
insulation and covered the ceiling (from the inside) and 
top two feet of the side walls. The blue boards were cut 
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to fit over and around electrical boxes and are held up 
with the assistance of expanding shower rods. Then we 
sealed the gaps with low expansion foam. Now we 
have to dig in the snow to find the insulated access lid. 
We disconnected the baseboard heater and installed a 
pump house heater plugged into a “Thermo cube” 
which allows the heater to work only if temperatures 
reach 34 degrees. (I don’t think it has ever come on.) 
We wired in a 60 watt light bulb as a small heat source 
to assist with drying the room out. 


Although we fixed the heat loss problem, the room 
remains so damp that all of the electrical equipment is 
corroding. Although warmer, there is condensation all 
over the ceiling and a damp floor. Yes, | am aware of 
the safety issues with electricity and standing water. | 
know that an exchange of air would help, and a non- 
leaking vessel would have been a valuable first step. 
We will continue to work on an air exchange system, 
but introducing cold outside air brings up issues of dew 
points, which is a subject that remains largely a mystery 
to me. 


| don’t want to repeat these mistakes when | dig up the 
ol homestead. Our goals are to have a well pit from 
which we can control water supply to the main house 
and the future guest house. We would like to be able to 
drain the lines serving the buildings from the well pit. 
We would like to mimic the Dankoff system’s ability to 
run excess water in the summer for irrigation and 
perhaps fill a small pond below the house. 


Our current thought is to use a rectangular cement 
cistern as the basement for a small power shed. 
Available from the folks who cast concrete septic tanks 
for about US$560, the tank’s inside dimensions are 
about 4.5 by 8 feet. The access for the “basement” 
would be from inside the power shed (nice in the 
winter). The secondary pump, pressure tanks, and 
plumbing would be below, with the majority of pump 
controls and electrical components above in the shed. 
We would coat the tank with foundation waterproofing, 
prior to placing it in the hole, and insulate the top with 
blueboard and dirt. The floor of the tank would contain a 
drain. A small foundation framed with treated lumber 
and treated plywood would transition from the top of the 
buried tank to grade for the shed to sit on. 


Here is where | have some remaining questions. 
Should | bury an additional tank as a battery box, or 
superinsulate a box in the shed, above ground? Is ita 
better deal to have batteries at a constant 45 to 50°F 
underground year-round, or keep them in an insulated 
box above ground? Would the addition of an insulating 
box in the underground bunker keep them at a 
significantly higher temperature? | worry that above 
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ground will keep them too cold in the winter, and require 
someone to open vents to cool them off in the summer. 
How do | ensure that ventilation happens in the winter, 
in the right direction, without cooling the pit too much 
below the dew point (or the frost point)? Do we bury a 
duct in the ground to supply fresh air at the bottom of 
the tank? 


Thanks in advance for any insight you and other 
readers might provide, and thanks for showing HP 
readers a nicely engineered water system. Sincerely, 
Ed Brunsvold, Missoula, Montana * yasure @in-tch.com 


Hi Ed, You make many good points in your letter. | feel 
perfectly safe working in my pits and tank, but readers 
should certainly heed Mr. Safety’s warnings. 


Regarding the problems of dampness, the design of a 
pit must be appropriate to the conditions of the site. It 
should be sufficiently researched and designed and/or 
based on successful experience in a similar 
environment. It should not be attempted if there is any 
doubt about its practicality. Excessive dampness has 
not been a problem in our pit because of our low 
humidity environment, and the high permeability of the 
gravel floor and the sandy soil beneath it. In fact, 
recently we had a pipe leak that released at least 1,000 
gallons of water into the well pit. The water only rose a 
few inches off the gravel floor, and left no lasting 
damage. | kept the lid open for about two weeks of dry 
weather, and it dried out. | was happy that | had a 
separate pit for the power system components! 


For your proposed battery box, | suggest that an 
underground shelter would be far better than anything 
above ground, to maintain a favorable environment for 
the batteries. Favorable means an approximate 
temperature range of 40—80° F (5-27° C), with even 
temperature distribution throughout the battery bank. 
An insulated enclosure above ground will serve only to 
keep the batteries at around the average outdoor 
temperature. It will temper the extremes of day and 
night, but it will not actually warm or cool the batteries. 


You raise some interesting issues regarding ventilation 
and the control of heat, moisture, and battery gasses. 
Any form of electric heat is out of the question in an 
energy-conserving system. Excessive ventilation 
causes rapid heat loss. | hope we'll receive more 
suggestions from our readers. Windy Dankoff, Dankoff 
Solar Products, Inc. 


Hello Ed. Thanks for the info on working underground. 
I’m sure that our readers will find it useful. 


On the subject of batteries and temperature, lead-acid 
cells are happiest at around 78°F (25°C). At 

temperatures below 45°F (7°C) they become sluggish, 
manifesting an apparent capacity loss and depressed 


voltage. At temperatures above 100°F (38°C), battery 
efficiency decreases and self-discharge radically 
increases. 


It’s very difficult to keep an above ground battery 
enclosure warm in the winter without some source of 
heat. Consider direct solar gain, as in a window 
coupled with superinsulation. Vent the enclosure in the 
summer with an active fan system, and block off the 
solar window(s). While I’ve never done a below ground 
battery box, | suspect that it will require heating all 
during the year. It is a commonly held fallacy that the 
batteries will give off heat as they are recharged and 
keep themselves warm. While the batteries will give off 
some heat when recharged, it will not be enough to 
significantly warm them up if they are cold already. 


If you have solar domestic hot water, consider building 
a hydronically heated battery containment like the one 
we have here. See HP77, page 30 for details. This 
could be applied to either an above ground or a below 
ground battery containment. Richard Perez 


High-Stepping Inverters 

Dear Home Power, This is in response to the letter in 
HP76 from Gerald Wright, concerning sine wave 
inverters. | recently had the need to open up a couple of 
Trace SW4024s for repairs, and was able to 
understand their method of sine wave generation. 


First, | would like to point out that what has been called 
a “modified sine wave” inverter represents the height of 
marketing ingenuity. This is like calling a pup tent a 
modified mansion. This form of inverter would be better 
called an AC pulse width modulator. 


When Trace uses the term “sine wave” to describe its 
SW4024, it is coming a lot closer to the truth, but it 
would be better to call it a “digitized sine wave.” It is not 
actually a true sine wave. No inverter will have a perfect 
waveform, and some techniques will approach the ideal 
better than others. My guess is that Trace’s technique 
was chosen for best efficiency rather than low noise. 


The SW4024 has three power transformers, rather than 
the single transformer of the previous generation of 
“modified sine wave” inverters. Each of the three 
transformers has a different transformation ratio and 
power capacity. Each primary can be energized from 
the 24 volt DC source independently, or in any 
combination of two, or all three at once. The 
secondaries are connected in series with each other 
and the load. Since the secondary voltages, being in 
series, will add together, a range of different output 
voltages will be thus generated. 


There are a variety of ways the transformers can be 
powered. If each transformer is powered by the same 
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*=undetermined combinations, e.g. T2-T1 | 


Approximate switching scheme for the 
$W4024 "sine wave" inverter. 


T1=Lowest voltage transformer 
T2=Mid voltage transformer 
T3=Highest voltage transformer 


polarity (called the “boost” configuration), then there are 
seven different combinations possible, giving seven 
different voltage steps. The figure above makes this a 
little more clear. Each transformer is labeled as T1, T2, 
or T3. Combinations shown as T1 + T2, for example, 
indicate that T1 and T2 are energized in the same 
polarity. Note that an unenergized transformer, with its 
primary shorted, will create a zero voltage at its 
secondary. 


In addition to these steps, Trace adds some others (for 
a total of ten steps per quarter cycle), which are 
apparently generated by combinations of transformers 
powered by opposing polarities (called the “buck” 
configuration), which would cause their resultant 
secondary voltages to be subtracted rather than added. 
Thus intermediate voltages given by T2 - T1, for 
example, can be used to create a better approximation 
to the real sine wave than would be obtained from the 
boost configuration alone. 


These widely variable combinations allow for a fine 
control of regulation over a range of battery voltages 
and loads. It is easy to hear the changing sound of the 
SW4024 as it switches in or out of the needed 
transformation ratios in response to changing load 
conditions. The sequence of control signals necessary 
to obtain this waveform is so complex that it 
necessitates the use of a computer chip. My hat is off to 
the Trace engineers, for this is a very clever circuit. It’s 
definitely not something one would attempt as a 
homebrew project! 


There are, of course, a number of other methods. A 
transformerless inverter could produce a digitized sine 
wave in a similar fashion. An array of ten independent, 
high frequency, DC to DC up-converters would step up 
the battery voltage in a series of increasing voltages, 


Negative half cycle uses same sequence, but 
with negative polarity driving the transformers. 


Letters 


from close to zero on up to the 170 
volt peak of the sine wave. Each 
voltage source would then be 
sequentially connected to the load, 
one at a time. The sequence of 
voltages would create the same sort 
of stepped waveform as the Trace. | 
don’t know if this is the technique 
used by Statpower, but it is probably 
close. Again, this is a serious circuit 
that would take a long time to build 
and test. | hope this helps to dispel 
some of the sine wave mystery out 
there. Alastair Couper, 
kalepa@shaka.com 


Advertisers: Take Heed 

Dear Richard, | have a point that 
perhaps you could get across to your advertisers. We 
live in an area—on an island actually—that is not 
serviced by anything remotely connected with the 
Internet. We still have to rely on snail mail for any long 
distance communication. We do have a cell phone of 
course, but being right on the fringe of the service area, 
we never know whether or not we will be able to 
complete any call that we are actually lucky enough to 
begin. 


| notice that many of your advertisers use a Web site 
address and have eliminated their mailing address. 
Surely, given the type of magazine that you are, many 
of your readers might find themselves in a position 
similar to ours, that is to say, they live in an area not 
served by the Internet. Would it be possible for you to 
suggest to them that it might be a great idea to continue 
to use their mailing addresses as well? 


Let me give you some examples of what | mean. | 
wanted to drop a note to Trace—their ad lists their Web 
address only. Our island water committee wants 
information on a hand operated water pump, such as 
advertised by Alternative Energy Systems Co.—again, 
only their Web address is shown. There have been 
others. It would be a giant help if they could provide 
their mailing addresses. 


Your article in HP75 on how Home Power got started 
was absolutely great. God, I’m glad you did it. We’d be 
absolutely sunk if you hadn’t. Our whole system has 
been put together mostly from advertisers in your 
magazine, and with information that we have gleaned 
from your pages. We still need to increase our system 
size substantially, and we will be buying from—guess 
who?—your advertisers. Bless ‘em all. Keith Elliott, 
Ladysmith, BC, Canada 
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Hello Keith. We're pleased that Home Power’s 
advertisers have been of service to you. | totally agree 
with you regarding access data in advertising. If you 
check out Home Power’s ads in this issue, you'll see 
that we list snail mail, Internet, and telephone access 
data. Richard Perez 


Failing in Business 101 

Home Power crew, | enjoy the magazine for all the 
usual reasons: solar, wind, and hydro systems, 
homebrew, The Wizard Speaks, most of the articles, 
product reviews, and advertising. Yes, | enjoy the ads! 
The competition to sell quality energy equipment 
leading to lower pricing in your pages has made it 
possible for many, including me, to go from energy 
waster to assessment and conservation, and now to 
energy producer. 


| don’t think that the conventional power producers are 
concerned about the loss of our business as much as 
they worry about awakening our fiercely independent 
spirits. But enough about them. 


My reason for writing is the failure of some of your 
advertisers and columnists to pass Business 101. As a 
plumber, when someone calls to have their quality 
fixtures installed, or to repair a mistake, | am delighted. 
There are a lot of plumbers in the phone book and a lot 
of alternative energy companies advertising in Home 
Power. From which should we buy goods and services, 
and why? 


The point that price isn’t everything has been made, 
and made, and made, and made. | like to give the 
perception that I’ve saved my customers money and 
got the job done right. | often refer them to the mega- 
store outlets with whom | cannot compete for best 
prices, saving them enough to pay my installation fees. 
Many people buy the self-help guides, visit trade 
shows, read magazine articles, attend training 
sessions, and listen to their Uncle Fred on how to cut 
corners, only to discover that their talents are in other 
areas. If this were not true, customers wouldn’t need 
me, and they wouldn’t need you. 


My point is that we sell a service including expertise, 
and the parts as needed. Advice is free at my business, 
while site visits, labor, and parts pay the bills. Growth 
relies on return business and referrals. Charge a design 
fee if you must, and deduct it from the equipment 
purchase. Remember why you are in the business in 
the first place. | hope it’s to spread the word, improve 
our environment, and make a living in an industry that 
you love. 


To you know who: your arguments that paying 
substantially more for the same equipment guarantees 
a satisfactory owner installation (they would never 


deviate from your instructions), or that someone called 
you (given the great exposure in Home Power) after 
they bought equipment elsewhere (saved a bundle) for 
free advice read like “I missed out on a hefty pricing 
markup.” Put away the crying towels. Enough already. 
Doug Jones N6KYX, Stockton, California 


Dear Doug, | pretty much agree with your description of 
the realities of doing a service-type business these 
days. | gather that you have in large part given up on 
making money yourself on the equipment. That of 
course is one way of doing business. Focusing ona 
service-only business may be the direction that PV 
installers choose to go. It is understandable as the 
hardware becomes a commodity, as is certainly the 
case for plumbing supplies and equipment. 


| have expressed the position that dealer-installers 
should make a fair markup on equipment they sell. | 
have not advocated that they charge a “bundle” or add 
on a “substantial” markup. It’s great that we have 
choices, and that’s how it stands now. Thanks for 
reading Home Power and the IPP articles. Sincerely, 
You Know Who (aka Don Loweburg) 


RE Systems Financing 

Dear Home Power, | have enjoyed reading your 
magazine for over a year now. | ran across it by 
accident while rummaging through the magazine 
section of a local bookstore. It is educational, 
entertaining, and inspiring. | have been interested in 
solar power for about ten years and have always 
wanted to become a part of the industry. | studied 
electrical engineering for a year and considered 
transferring to the semiconductor option of material 
engineering. Well, things didn’t go as planned. | got 
married and just had a beautiful daughter. | started 
working for a mortgage company to make some extra 
money, and through networking, met several individuals 
who finance business projects. 


One of these individuals suggested that | work for his 
company. It is a non-bank lender that works on SBA, 
USDA, leasing programs, and regular loans. | 
suggested that the company extend its products to the 
alternative energy industry. | think that this emerging 
industry is in need of alternative financing. It will 
increase industry sales and help customers afford the 
products they desire. | am limited to financing 
commercial and industrial projects, but hope to 
someday include residential. 


The company is interested, and the owner suggested 
that | pursue the idea by talking to people who know the 
alternative energy market. Do you think that the market 
is in need of financing? If so, what is already available? 
What type of financial packaging is needed? 
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Another major concern is the collateral value of used 
PV systems and wind generators. If a customer defaults 
on a loan and the equipment is repossessed, is there a 
market for it? Can you give me some contacts that may 
be interested in buying repossessed equipment? 


It is my goal to make solar power affordable for 
everyone! Any information you can provide will be 
greatly appreciated! Thanks, David Hershey, 348 
Snyder Ave., Elizabethtown, PA 17022 ¢ 717-361-8319 
hersheydm @financier.com 


Hello David, Yes, we think equipment financing would 
be helpful. | really don’t know much about that market, 
but | do know there is a strong push for mortgages to 
accept RE houses and make them acceptable to 
secondary loan markets. See the article on GMUAC 
Mortgage in HP70, page 78, for one example. 


One person you can talk to is Keith Rutledge, 
Renewable Energy Development Institute, 383 S Main 
St., #234, Willits, CA 95490 ¢ 707-459-1256 ¢ Fax: 707- 
459-0366 ¢ redi@saber.net ¢ www.redinet.org. They got 
a grant from the DOE’s Million Solar Roofs program to 
look into and help develop RE home financing. Keith 
knows a lot about solar financing and may be able to 
help you develop equipment financing. 


The other suggestion | would have is to talk to some of 
the larger companies that sell and install RE equipment. 
They may have some ideas or may even be doing it 
already. Try Applied Power Corp. at 360-438-2110 and 
Kyocera Solar at 619-576-2600. You also might want to 
survey the installing dealers who advertise in Home 
Power to see if and how they deal with system 
financing. 

Yes, collateral value could be a problem. Installed RE 
equipment keeps its value for the system owners 
because it is no simple matter to pull it out or replace it. 
One related serious problem would be the lender's 
expense of removal if people default on their equipment 
loans. 


| believe the market for used equipment is 
underdeveloped. www.solaraccess.com has a used 
equipment section, and many folks selling used 
equipment rely on Home Power’s micro-ads. 
Sometimes retail dealers will buy used equipment if 
they can get it cheaply enough to turn a profit upon 
resale. But obviously, that seriously devalues the 
lender's value relative to the original purchase price 
and loan amount. 


PVs hold their value pretty well because they don’t 
decay much. But when it comes right down to it, many 
users would rather buy new modules at US$5 to $6 per 
watt than used at, say, US$4.50 to $5.50. 
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Batteries are problematic because they need to be 
replaced every four to twelve years, depending on their 
level of use and abuse. But most financed systems will 
be utility intertied, and most of those systems are 
batteryless. Readers, if you have other ideas, please 
send your comments on to David. Michael Welch 


Praise to Our Graphics Guru 

Dear Mr. Root, | have been a subscriber to Home 
Power magazine for the past ten years. To me, your 
graphics and design has always been most impressive, 
if not astonishing. Being a former commercial 
photographer for advertising, | can perhaps appreciate 
your artistic work more than most subscribers can. | 
have yet to see any of your work that | didn’t consider 
excellent. 


| have written to Richard many times complimenting my 
most favorite magazine (Home Power) and expressing 
my admiration for the graphics and artwork. Only when 
they included my Home Power family in HP76 did | 
know just who did what. Therefore | felt compelled to 
write you personally and express my admiration and 
thanks for going the extra step in making Home Power 
what it is today. Thanks! Patrick Swiney, Atmore, 
Alabama 


Hello Patrick. Home Power was produced for several 
years without the benefit of Ben Root. Back then, the 
magazine was graphically adequate for the semi- 
technical journal it is. But then came Ben. His class 
touches have taken the magazine from what it was to 
the beautiful and appealing journal it is today. Not only 
are we able to present the info as we always have, but 
now it looks great, too. Thanks, Ben! The Home Power 
crew 


Metal Hydride 

Dear Home Power, In Shari Prange’s article about 
automotive fuel cell technology (Fue! Cell Cars, HP76, 
page 104), there was no mention of metal hydride 
storage of hydrogen. | have read about systems that 
claim volume densities of hydride storage systems 
exceed that of liquid hydrogen without many of the 
issues presented in the article, such as problems with 
cryogenic storage. This approach may allow for simpler 
automotive systems without onboard reformers. Please 
refer to www.ovonic.com/hydrogen/smallFCapps.PDF 
for a presentation of such a storage system. 


Thank you for publishing such an informative magazine. 
Andrew Tarnow, Troy, New York ¢ tarnow @ rpi.edu 


There is some work being done on solid storage of 
hydrogen in a lattice framework (see HP59, page 14). 
Although density is very good, the weight is also high, 
and there are some problems with releasing the 
hydrogen. There have also been many papers 
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published about storing hydrogen in nano-tubules. 
However, no one has yet demonstrated success with 
this, particularly at a scale useful for fueling a car. 


It was not possible to cover all the issues surrounding 
hydrogen fuel cells in the space available, so | 
concentrated on the most central topics. At this time, 
solid hydrogen storage is not in the mainstream of fuel 
cell development. Shari Prange 


Mission: Eco-Impossible 

Hi Richard, | really enjoy and learn from your magazine. 
The coverage of biodiesel issues has been especially 
exciting. 


My wife and | recently bought a new Plymouth mini-van, 
and | was tickled to find that it had a multi-fuel engine. It 
will burn standard unleaded as well as a fuel called E- 
85. From what | gathered in the owner’s manual, E-85 
is 85 percent ethanol and 15 percent unleaded 
gasoline. When we recently had the oil changed, | 
asked the mechanic if the synthetic oil was E-85 
compatible. He called the oil company tech support line 
and found out that the oil is not compatible, and they 
could only get compatible lubricants by special order. 
The oil company then said that this is a non-issue, 
because only 42 service stations in the U.S. sold E-85. 


The dealer where we purchased the van told me that 
about 80 percent of the mini-vans sold by his store had 
the E-85 compatible engines. This dealer moves a 
couple of hundred units a month. So in my area, there 
are a lot of E-85 capable vehicles on the road. 


Yet, | can’t buy E-85 anywhere in a three state areal! | 
would have thought that this would be a no-brainer. 
Good for the environment, good for farmers (growing 
the raw materials for ethanol), and good for the oil 
companies (make a profit on each gallon). To me it 
seems like a win-win, at least until there are true zero 
emission vehicles (I don’t count electrics as zero 
emission unless you’ve got a 12 KW PV array on your 
house to charge it). 


| would think that in the near term, vehicles powered by 
biodiesel and E-85 would certainly help the 
environment, and would be an improvement on the way 
things are going now. Thanks again for the great ‘zine, 
John Zaruba AA2BN, Franklinville, New Jersey 
jzaruba @ snip.net 


Hello John, That sure is a weird situation. It brings up 
lots of questions about big business and automotive 
politics. | was a bit surprised that synthetic oils won’t 
work with E-85 fuels. | know that some fuel ends up in 
the lubrication of internal combustion engines, and 
ethanol and gasoline probably react somewhat 
differently with the synthetics. But | have this nagging 


suspicion that the synthetic oil company was in butt- 
covering mode rather than saying that it should be OK. 
How about it, readers, does anyone have the technical 
scoop on this? 


And what kind of politics are going on with the lack of 
E-85 fuels in the U.S.? Do the automotive companies 
get some sort of EPA break on environmental 
regulations by supplying a “greener” vehicle in spite of 
the lack of fuel necessary to carry through on the 
prospect? Maybe the multi-fuel vehicles were 
mandated in the hopes that they would spur demand 
for E-85 to create a market? The cart seems to be 
ahead of the horse. Michael Welch 


Empty Batteries for Backup 

Hi Richard, After ten years of being off-grid with PV and 
wind, and having power hungry hobbies (wood and 
machine shops, lots of trees and garden), we have 
decided to bring in the grid. Since we are in a net 
metering state (Colorado), we plan to use the grid as a 
very expensive but high capacity battery bank. 


Since the grid (with net metering) is a much more 
efficient battery than real batteries, I’d like to run our 
Trace 4024 with no batteries if possible. | plan to have a 
manual transfer switch to bring a small NiCd pack on 
line. The batteries would be flat from self discharging 
and would have to be initially charged by a generator. 
This would be our backup if the grid goes down (a rare 
occurrence here). 


Does this sound reasonable, using the NiCds this way? 
| know we have lots of other issues with the 4024 
firmware (120 from Trace vs. 240 from grid, our 24 VDC 
Sun Frosts, etc.). 


Do you know anyone in northern Colorado who has 
experience doing a grid interconnect with Public 
Service Company (PSC) of Colorado? It was kind of a 
shock talking to PSC and realizing how they exercise 
their monopoly power. They won't even let us dig the 
trench to bring in power! Not negotiable! | was hoping 
that putting in our own trench would lower the US$7 per 
foot price tag. Thanks, Bob Gobeille, Fort Collins, 
Colorado ¢ igs @verinet.com 


Hello Bob, Your plans are technically sound. NiCds 
don’t mind sitting around totally discharged. However, 
you are going to have a hell of a current surge when 
you first begin recharging them in the event of a power 
failure. While your PV and wind sources will aid in 
quickly refilling the NiCds, the bulk of the energy will 
have to be delivered by the generator. Make sure that 
the generator is up to the job, and that the Trace is 
programmed properly for this event. 


Perhaps we have readers who are utility intertied with 
PSC. How about it, readers? The US$7 per foot that 
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PSC is charging you is below national average for 
power line extensions. I'd suggest adding enough PV or 
wind until your utility bill drops to zero. Richard Perez 


4024 Modified Square Wave Inverters? 
Richard, | just had an interesting experience with my 
original Trace 4024 that | thought I’d run by you. 


The unit failed one day with a heatsink over-temp 
condition in the battery charger fairly early in the 
charging cycle (apparently the earlier units were not as 
well protected from over-temping as the current units) 
that corrected itself within 15 minutes. The unit seemed 
to be producing power OK afterward, but since it had 
failed during a charge cycle and gotten hot as hell in the 
process | sent it back in for a rebuild and upgrade. | 
was fortunate to have another unit in stock | could use 
in its place. 


When the tech called to give me the price, he told me 
an interesting story about the failure. It seems all four 
high end FETs had failed (he said the board was 
“obviously burned”), and that had apparently 
contributed to the failure in the charger (though I’m not 
sure what the connection is there). When | asked him 
how that could happen, he said that high voltage on the 
charger side could cause it, and that generators could 
easily put out such high charges. 


It seemed strange to me that if it were such a common 
occurrence they wouldn’t have protected the system 
from it, but apparently the FETs are good to 200 volts. It 
turns out that when a generator runs out of gas (which 
is bound to happen sooner or later with all gas 
generators), the generator spikes the voltage to try to 
compensate. When that happens, unregulated voltages 
of 200+ are easily possible. 


This was apparently when the FETs started to go, but 
according to the tech, it isn’t a catastrophic failure but a 
cumulative one, and there is no indication from the unit 
that such a failure is occurring. When | asked him what 
that does to the unit, he said it basically causes the unit 
to cease being a sine wave and revert to modified 
square wave (I just can’t bring myself to call it modified 
sine wave <grin>). It also reduces the surge capacity, 
but if no large loads were being run, the reduced 
capacity would never be noticed. 


It strikes me as odd that the unit could undergo such a 
failure without any indication that it has happened. | 
wonder if there aren’t a lot of “sine wave” 4024s out 
there that are now acting as modified square wave 
units. The only way we noticed it was when the battery 
charger failed. 


| was wondering if you could do some checking on that, 
and if you might want to warn some folks of the dangers 
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of letting generators run out of gas. | have never seen 
any indication in any of the literature that it was 
something to watch out for, and with such devastating 
results, you’d think someone would make mention of it. 


Since I’ve said some very critical things about Trace 
and their tech support in this letters section in the past, | 
feel | need to comment on the changes that have 
obviously occurred since my earlier experiences. The 
Trace tech support, from the initial customer service call 
to the followup by their technical staff, was excellent. 
Unlike past experiences, all the folks | dealt with there 
were courteous, and interested in solving the problem. | 
never felt put off or talked down to by anyone | dealt 
with. Considering my previous experience, that is a 
definite change for the better. 


You can be assured that | will be running this situation 
by as many other 4024 users as | can as well as all the 
wrenches | can find to see if anyone else has had 
similar problems. | will also follow up on this with the 
Trace folks at MREF in June. The possibility that a 
Trace sine wave unit could keep operating even though 
the sine wave output has been degraded or reduced to 
mod-square wave without any indication that this has 
happened is troubling. Maybe | misunderstood the 
technician, but | don’t think so. I'll definitely be 
confirming that at MREF, and finding out if there is a 
way to notify the user through some kind of improved 
error checking if and when this happens. Tom Elliot, 
Guffey Energy Works ¢ telliot@wagonmaker.com 


Hello Tom. Thanks for the heads up with the Trace 
SW4024. Those of you with this inverter should check it 
out and make sure that all its FETs are firing. The best 
way to do this is with an oscilloscope. Richard Perez 


Ethical Dilemmas of Clean Power 

Like many others, I’m concerned with clean power 
generation because | don’t want to contribute to global 
warming and environmental destruction. But the ethics 
of such choices are sometimes confusing, as the 
following parable illustrates. 


Kay lived on the grid in a windy area with cold winters. 
She had a super-efficient gas furnace, but it still 
bothered her that every time she turned it on, she was 
contributing to global warming. So she decided to install 
a wind turbine to generate electricity that she could then 
use for heat. If she made extra power in the summer, 
she could sell it to the grid. But when the weather 
turned cold, she reasoned as follows: “If | use electric 
heat, I'll use up the power I’m feeding to the grid now. 
Then the power company will have to run their power 
plants. They’ll burn more gas then | would burn if | used 
gas heat instead, because my super-efficient gas 
furnace is more efficient at heating than any power 
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plant is at making electricity.” So she sold her power to 

the grid, and heated her house with gas, but it bothered 
her every time she turned on her furnace, because she 
was still contributing to global warming. 


There are various degrees of directness by which one 
can get clean power. The most direct is to generate it 
locally and use it locally. Then it’s easy to see what your 
impact is. But unlike Kay, | don’t have enough land to 
have my own wind turbine, so I’m reduced to trying to 
get my clean power through the grid. 


The next most direct system is to pay some company 
by the kilowatt-hour to generate your power and ship it 
to you over the grid. But here in Massachusetts, we 
don’t even have that available. All we have is a 
company called AllEnergy, which does business in an 
even stranger way. 


When you deal with AllEnergy, you buy your power in 
the regular way from the standard offer on the grid. 
Then, separately, you pay AllEnergy US$6/month each 
for blocks of 0.25 KW (about 3.5 cents/KWH) of 
generating capacity. AllEnergy agrees to generate this 
much power using clean sources, and feed it to the 
grid. This power displaces the fossil-fuel-generated 
power that you would otherwise be purchasing through 
the standard offer. 


Since it was the only game in town, | signed up with 
AllEnergy. | bought enough blocks to cover my 
electricity usage. Now | can say that, in a rather 
roundabout way, I’m not contributing to any 
environmental problems through my power use. 
However, it is still the case that, like Kay above, when | 
turn my lights on, | contribute to global warming. I’ve 
bought some fixed number of blocks from AllEnergy, 
and any incremental power | use requires an 
incremental increase in fossil-fuel-burning power 
generation. 


Furthermore, | still heat my house with fossil fuels. | 
thought, when | signed up for this service, that maybe 
I’'d buy more blocks and heat partially with electricity, 
but I think the parable shows that this doesn’t make 
sense. The best | can do is to buy enough generation 
blocks to displace my own fossil fuel use, rather than 
just my use of electricity. At least this lets me say that | 
use, in net, no fossil fuels. But it is still the case that 
every time | turn on the heat or the lights, | contribute to 
the problem. 


Is it better, then, to be off the grid, so you don’t face this 
dilemma? Not really. If you can’t generate all the power 
you need for electricity and heat, you will have to make 
it up with fossil fuels (propane, etc.). If you can 
generate all the power you need, at least some of the 


time you will have extra power generation capacity. You 
could be using it to displace fossil fuel use, if only you 
had a connection that would enable you to send it to the 
grid. 


| don’t want to discourage anyone from generating 
clean power or buying it from the grid. But | think one 
should think closely about the consequences of one’s 
choices, and realize that the ethical calculation is not as 
simple as it might seem. Ken Olum, Sharon, 
Massachusetts * kdo @cosmos5.phy.tufts.edu 


Dear Ken, | applaud your efforts to reduce your 
individual impact on global warming and the 
environment. You and Kay have both made good 
decisions toward reducing your environmental impacts. 
Still, it is possible to go too far. If you wanted to 
eliminate all of your impact on global warming, you 
would have to terminate use of fossil fuel transport for 
yourself as well as all the goods you might consume. 
Incidentally, you would also need to stop breathing. 
Such a goal isn’t all that desirable or practical. 


What should matter is that your net impact on the 
environment is as low as possible. To this end; 
conserving, recycling, and cleaning up your local 
environment are probably the best methods. Sure, 
some greener methods are confusing and indirect, but 
planting a couple of trees might help balance your net 
impact a bit more. Eric Eggleston 

wattsworth @juno.com 


Eric’s too modest to mention his fine article in HP71: It’s 
Easy to Cut Your Utility Bills, Save Energy, and Help the 
Environment (page 84). He gives many useful tips on 
how to lighten your load on the planet. 


| think it's much too easy to get focused on the 
generating technologies. PVs, wind generators, and 
hydro turbines capture our attention easily, as does 
buying “green power.” But our first effort should be to 
look at our loads, conserve energy, and increase 
efficiency in our appliances. Compact fluorescents on 
the ceiling before PVs on the roof please! Then we 
have less to agonize over when we turn on the light 
switches and think about where the power is coming 
from. lan Woofenden 


Grant Info 

| know for sure that grant money is available for RE 
power projects. Perhaps someone on your staff knows 
how to write grants and how to apply for them. Could 
you print a simple sample of what you think an RE grant 
proposal application should look like, and list a few Web 
addresses we could look at? Nothing much is going to 
happen with RE power unless we get help—we can’t 
use our own money and wait for the payback. The 
power companies will own us to the end. Their latest 


132 


Home Power #78 ¢ August / September 2000 


thing is to charge a big bookkeeping fee if you try to sell 
them excess power. Thank you, Paul R. Jones 


Hello Paul, Home Power has not written any grants. We 
do not have that kind of expertise. But | think it would be 
a great idea to publish successful RE grant proposals 
so that others can be shown how to do it. But there are 
so many different grants out there, and they all differ so 
much that any one or two proposals we have room to 
publish would have limited applicability to the next 
person that comes along. 


And | believe there are other good reasons to install RE 
besides the financial payback. The most important are 
helping the environment and gaining self-sufficiency. 
Even though we may never pay for our on-grid systems 
with the savings on our power bills, we should still be 
investing our money in RE for our homes. The rewards 
are not all counted in dollars. Michael Welch 


Hi Paul, Thousands of us have been using our own 
money to buy, build, install, and promote renewable 
energy systems for years. Without all that invested time, 
energy, and money, the RE industry wouldn’t be where 
it is today, and you probably wouldn't have this 
magazine to read. Don’t assume that it won’t get done 
unless someone else or someone bigger does it. Do it! 
If you can’t do it by yourself, pool your money, talents, 
and time with others. 


Grants can be useful, but they can also skew the 
process and disguise the true intentions of those 
involved. When generous individuals or foundations 
want to support things they believe in, that’s great. But | 
think grants should go to those people and groups who 
would do the work whether they had the grants or not. 
Much more has been accomplished in this industry 
(and world) by concerted private initiative by individuals 
and groups than by grant writing and waiting for others 
to do and pay. 


It is true that the monopoly utilities have a chokehold on 
energy. We need to continue to work to break that hold, 
and to let people have true choices. lan Woofenden 


KWH Meter Sources 

In HP77 (Letters, page 149), under “Component 
Sources,” Jonny Klein gives some sources about 
kilowatt-hour (KWH) meters for 115 VAC. | would like to 
give one or two more sources. 


We in the EV world have been greatly helped in our 
cause by KTA Services, ably owned and managed by 
Ken Koch. KTA is in Upland, CA (down near Los 
Angeles), at 909-949-7914. 


| purchased a 115 VAC KWH meter from KTA several 
years ago for use in monitoring the electrical 
consumption of my EV and whatever else that piqued 
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my curiosity. The unit was about US$50. | chose to 
mount it on a stand, and also upgraded its electrical 
cabling to withstand EV charger usage. 


| also have another KWH meter that | might be willing to 
part with (the KTA one | definitely want to keep). This 
one | purchased from C&H Sales for $15. It has the 
lugs coming out the back, so it would have to be wired 
up and mounted (the lugs would normally go into a 
house meter wall mount). I’ve never used this one since 
| bought the KTA meter a month or two later. Both these 
meters are of the spinning-wheel type and have four 
dials. Chuck Hursch, Larkspur, CA 415-927-1046 
chursch @ yahoo.com 


GHEAPESTSOLAR 
COM 


NEW ENGLAND 
SOLAR ELECTRIC, INC. 


3 South Worthington Road, PO Box 435 
Worthington, MA 01098 
1-800-914-4131 


This is the most popular book for PV remote 


ELECTRIC homes. It is written and published by 
SOME ea New England Solar Electric Inc. 


“Best all around book on wiring your PV 
system.” 
Real Goods Sourcebook 


“Our favorite book for Do-It- Yourselfers.” 
Windy Dankoff, Dankoff Solar Products 


$16.95 plus $3 PPS “This should become the bible for alternative 
(includes our $3 catalog) energy users.” 


Ken Cox, Trace Inverters 


Send $3 for our 80 page catalog and product guide 


Servel/Dometic Gas Refrigerators. Trace Inverters. Trojan Batteries. 
Siemens & Solarex PV modules, Osram Bulbs. Thinlite Fixtures 
Aquastar Hot Water Heaters. AIR 403 Wind Generators 


Best book, most user friendly catalog, 
& best kits in the business. 
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ou will have to wait until next 

issue for our full-blown report on 

MREF 2000. There simply isn’t 
time for us to process the photos and 
write the text before this issue goes to 
print. What you will get here is the saga 
of our personal trip to and from MREF 
2000. It was a savage journey and 
without doubt the most difficult MREF 
trip we’ve ever had. Since there has 
been a running discussion regarding 
transporting the HP crew to energy fairs, 
| thought you might like to hear what 
happened when we chose the time and 
fuel-efficient mode of air travel. Read on 
for the gory details. 
The Best Laid Plans 
We’d been planning this trip to MREF 2000 for months. 
Karen had secured all of our airline reservations in 
January. Karen, Joe Schwartz, and | were flying out of 
Medford, Oregon. Don Kulha and Michael Welch were 
flying out of San Francisco. lan Woofenden was 
catching a plane out of Seattle. We had it worked out 
with military precision. We would all arrive in Madison, 
Wisconsin on the same aircraft and with plenty of time 


to attend the MREF exhibitors’ dinner on Thursday 
evening—or so we thought. 


Hosed in Portland 

Karen, Joe, and | arrived in Portland after a wonderfully 
sunny 6 AM flight out of Medford. | immediately 
checked the monitors. Our connecting flight to Denver 


was listed with a two hour delay. A quick glance at our 
tickets showed that we would miss our flight from 
Denver to Madison. We immediately went to the United 
customer service counter for rescheduling. 


Just before this trip to MREF, Karen and | had flown to 
New Orleans to help her Mom relocate near us in 
Oregon. We were familiar with the procedures to follow 
when airlines strand you in the middle of a multiple- 
flight journey—go to customer service immediately, 
don’t even stop to visit the john. On our way to New 
Orleans we were re-routed through Cincinnati due to a 
late flight and missed connections—about 1,500 wasted 
air miles and three hours of flight time out of our way. 
After customer service had re-routed us, we wound up 
in New Orleans seven hours late. And by the way, they 
lost our luggage.... 


We wasted no time getting into the queue at the United 
service counter in Portland. Karen and | were mindful of 
our recent problems getting to New Orleans. We waited 
there for about half an hour and watched the line rapidly 
grow behind us. The customer service rep verified what 
we already knew—there was no way we were going to 
get to Madison in time for the MREF exhibitors’ dinner. 
United suggested that we spend the night in Portland 
and continue the next day. It was then 9 AM and we 
weren't about to waste 24 hours in Portland when we 
were supposed to be in Madison. 


After significant flight juggling, the service rep arranged 
a scheme by which we would fly through Chicago 
instead of Denver, and eventually reach Madison at 
around 9 that evening. We went for it like starved 
piranhas. We’ve long ago given up hassling the poor 
folks who have to work these airline service counters. 
There is no point in going ballistic on them—they are 
doing the best they can to make everyone happy. But 
the fact is, they can’t really correct for the massive 
overbookings and lackadaisical performance of the rest 
of the company. After an hour in line, we had new 
tickets and a four hour wait in Portland. The line behind 
us had grown to well over two dozen folks, and the 
crowd was getting ugly. We really felt sorry for the 
customer service reps—we wouldn’t want their jobs. 


To soften the blow, the United rep turned us on to some 
meal vouchers and suggested that we have breakfast 
on United. | replied that I’d rather be in Madison on 
time, but what the hell, we were hungry—so breakfast 
sounded pretty good. We took the service rep’s 
recommendation and went to the Red Lion restaurant. 
We had a wonderful breakfast of fresh-squeezed 
orange juice, eggs benedict with smoked salmon, and 
espresso coffee. This consumed an hour, and left us in 
a far more forgiving mood. 
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Karen got on the cell phone and warned the rest of the 
crew that we would be late, and that they’d have to 
cover for us at the exhibitors’ dinner. We settled down 
to waste a few hours reading, dozing, and people 
watching. 


Hosed in Chicago 

The flight from Portland to Chicago was uneventful. 
Once again, we immediately checked the monitors 
when we hit the ground. You guessed it, our flight to 
Madison was delayed for an hour. The Chicago airport 
was clogged with people, many no doubt waiting 
around because of all the flight delays. All the 
restaurants were jammed and had long lines of weary 
travelers waiting to get in. We managed to finally find 
some seats in an out of the way bar tucked into the 
corner of the United Express concourse. Here Karen 
caught up on her knitting, while | abused my liver and 
Joe had a nap. Eventually our flight got off the ground 
after even further delays, and we were finally on our 
way to Madison. 


Hosed in Madison 

We hit the ground in Madison shortly after 10 PM. We 
were supposed to be there seven hours earlier. The 
journey had consumed fifteen hours, but we only spent 
about six of those hours in the air. The remainder of the 
time we were stuck hanging out in airports. 


Karen went to the rent-a-rig office to do the paperwork 
on our rented van. Joe and | combed the luggage 
carousel for our bags. Hosed again—our luggage 
wasn't there. We went to the United customer service 
desk and filled out forms for our lost luggage. By now it 
was well after 11 PM and we were thoroughly tired, jet- 
lagged, and grumpy. 


Just as we were leaving the airport, we were paged. 
They had found our luggage! It had arrived hours ahead 
of us and was languishing about in a storeroom that 
United obviously hadn’t checked when we filled out the 
lost luggage forms. The folks at United in Madison were 
very pleasant, and we resisted the urge to scream at 
them. We jumped into the rent-a-van, and drove 
through the quiet streets of Madison looking for our 
hotel. 


Midnight Munchies in Madison 

After we checked into our room at the hotel, we 
discovered that their restaurant and room service had 
shut down for the night, which was entirely reasonable 
because it was almost 1 AM. We were all hungry, 
having avoided what was being passed off as food 
during the flights. Karen checked the phone book, 
looking for food that could be delivered. No such luck— 
no one was delivering at that time of night. Joe and | 
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decided to be daring, and hit the streets in search of 
food. 


Neither of us knew our way around Madison. But 
hunger activated some primordial center within our 
brains, and within fifteen minutes we’d zoned in ona 
late night pizza place called “Toppers.” Toppers makes 
great sandwiches. Karen says it was the best veggie 
sandwich she’s ever eaten, but then she was half 
starved by the time we made it back to the hotel with 
the munchies. Fed, bone tired, and excited by the 
prospect of MREF the next morning, we crashed at 
about 2 AM. 


MREF 

MREF was in its eleventh year and it was fantastic as 
always. It was different this year because it was in the 
city and not in the country. You'll have to wait until next 
issue for our write-up of the fair itself. Suffice it to say 
that new products abounded, spirits were high, and we 
saw many new faces. This narrative has a far grimmer 
purpose. It is the story of the journey to and from 
MREF, a much darker saga that hadn't yet played itself 
out. 


Sickness Strikes 

| woke up Saturday morning with a rampant case of 
butt-kicking flu. Karen pulled the sodden bed clothes 
from my shivering, feverish body, touched my forehead, 
and grounded me. She returned to the hotel at about 
noon and dragged me out to a clinic where the doc told 
me what | already knew, “You have the flu.” Back to bed 
| went, and | missed the entire Saturday at MREF and 
some great parties Saturday night, or so | hear. | want 
to thank Dave Katz, Ezra Auerbach, and Don Kulha for 
doing the workshops | had scheduled for Saturday. 


| woke up Sunday morning feeling like death warmed 
over, but | was determined to make the fair. A quick 
shower and a quad shot of espresso produced a lifelike 
feeling, and off | went. The day was surreal. | couldn’t 
tell if it was fever or the strong cough syrup that the 
doctor had prescribed, but MREF took on the aspects 
of a Fellini movie. | did two workshops of which | 
remember virtually nothing except that my voice 
stopped working. | talked with folks on the fair floor 
while trying not to drool on myself. | probably should 
have been in bed, but | was damned if | was going to 
come all this way, fighting the airlines and sickness, and 
not do MREF. 


Hosed in Denver 

After the fair, we went to the Madison airport and 
boarded a plane for Denver. Upon hitting the ground in 
Denver, guess what the monitors showed us? Our 
connecting flight was delayed and we would miss our 
connection from San Francisco to Medford. We 
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Ozonal Notes 


scrambled once again to the United customer service 
booth and, thanks to Karen’s fast reflexes, arrived at the 
head of the rapidly growing line. We got rescheduled, 
and had three hours to kill in Denver. So Karen, Joe, 
Don, Michael, and | wound up in a bar, the only place in 
the Denver airport where smoking is allowed. The bar 
was packed. | gave serious consideration to investing in 
this bar—what a racket! 


When it came time to board the aircraft for San 
Francisco, | was astounded. They were putting us 
aboard a Boeing 747-400. The 747 is just about the 
largest, long-range passenger aircraft there is. What 
were we doing flying this transoceanic monster on the 
short hop from Denver to San Francisco? The mystery 
deepened when | noticed that the aircraft was only half 
full. Something grievous and truly terrible must have 
been afoot at United Airlines for this to happen. | 
shudder to think of the cost picture of flying a half-filled 
747 on the short hop from Denver to San Francisco. 
Obviously United had pulled out all the stops to cover 
for what must have been a weekend in hell. 


Hosed in San Francisco 

You guessed it—when we hit the ground in San 
Francisco, our flight to Medford was delayed by two 
hours due to aircraft mechanical problems. We had to 
wait for another aircraft to arrive from Los Angeles 
before we could make it home to Medford. Don and 
Michael split on airporters that carried them north to 
Santa Rosa and to their vehicles for the final drive 
home. Joe, Karen, and | went to the Crab Pot 
restaurant in the airport and drowned our sorrows in 
crab cakes and Anchor Steam Beer. Eventually, our 
aircraft was ready, and we made the short one hour hop 
back to Medford, Oregon, arriving six hours late. | was 
relieved to see our luggage spew out of the carousel. | 
couldn’t have handled another pothole in this muddy 
road in the skies—l’d have gone postal. 


Air Travel 

I’m a seasoned air traveler. My first flight was from 
London to New York in 1948 on a four-engine 
Constellation. I’ve flown in commercial and military 
aircraft all over the world, from Texas to Tehran, from 
Chicago to Cali, from Dahran to Detroit. But I’ve never 
had a weekend like this one before. | actually like flying, 
but commercial air travel has become something 
painful. 


| could see the disenchantment in the faces of our 
fellow travelers dozing in the chairs and on the floors at 
the boarding gates. | saw the tension and anger in the 
faces of stranded travelers screaming at the poor 
customer service reps. The system is breaking down. 
Air travel is no longer enjoyable and reliable. | reflected 
on missing the exhibitors’ dinner at MREF. In eleven 
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years of MREF, this was the first time we’ve missed that 
dinner. Thanks, United. 


What really scares me is that we are booked into three 
more air junkets to energy fairs this summer. Who 
knows what further potholes lie in the friendly skies? I’m 
going to be prepared—fly early, expect delays, believe 
nothing, and carry a flask of strong drink. Prepared to 
sleep on benches and stand in lines. Prepared to be 
treated like dumb cargo. 


Next year, we are traveling to all energy fairs via 
surface transport. I’ve had it with airlines. 


Access 
Richard Perez, Home Power, PO Box 520, Ashland, OR 
97520 ° 530-475-3179 © Fax: 530-475-0836 
richard.perez @ homepower.com 
www.homepower.com 


Charge Controller 
Circuit Board 


Load 


As featured in Home Power #60 and #63 
Blank PC board $25 « 8 Amp kit $50 * Postage included to US addresses 


Send check or money order to: 
CirKits-hp, P.O. Box 3500, Boulder, CO 80307-3500 
www.cirkits.com/solar ¢ solar@cirkits.com 


ELECTRIC CAR 
COMPONENTS & KITS 


*Reliable, Affordable Components 
*Large Library Of Adaptors 
*Most Experienced Tech Support 
*Design Assistance 


Conversion Kits: 

*Basic & Deluxe Universal Kits 
Contain all drive system components. You 
add mounts, boxes, etc. to fit your model. 

*Complete Custom Bolt-in Kits 
Voltsrabbit for VW Rabbit, and Vo/tsporsche 
for Porsche 914. Completely prefabbed. No 
design or welding necessary. Kits include 
everything except donor car & batteries. 


For Catalog, Send $6.00 To: 


ELECTRO AUTOMOTIVE 
POB 1113-HP nN 


FELTON, CA 95018 


{Outside the U.S. & Canada, add $5.00) 
www.electroauto.com 
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THREE SMALL BUSINESSES 
WITH BIG HEARTS ‘ae 
Support your local solar, wind and hydro electric M Cri | 1an 
dealer & installer in your area. 
* THE SOLAR GUYS x een : ; 
1-800-614-1484 * www.solarguys.com ig tS B= Solar-electric system 
NC and bordering states me 7 design, installation, 
* ECO-DEPOT x SSM and service, 
1-800-YY-GREEN (99-47336) * www.ecodepot.com >. Se, 
CO and bordering states - Austin, Texas 
* MERIDIAN ENERGY SYSTEMS x 512-477-3050 
1-512-477-3050 * www.meridiansolar.com 
TX and bordering states 


cherey systems, inc 


Need a renewable energy 
quick-start for the ole’ brain? 


Home Power Quick-Start Subscription Special 


our last six available issues, plus a one year surface 
subscription...all for $45 inside USA 
(Call for International Rates) 


Home Power Magazine 
P.O. Box 520, Ashland OR 97520 USA 


800-707-6585 in USA, or 541-512-0201 
VISA or MC 


Back Issues 
\ of Home Power ! 


Check out our Web site: www.homepower.com 
It contains an index of all articles back to issue #1. 


// 


ons 


Yi) 
You can buy back issues individually: 
¢ $3.25 each for 13 and 17 through 20 
ty rio) rar Fe. ¢ $4.75 each for 21 through 45 (except for 35, 36, 38, 40, 41) 

ic ‘ ‘ow ¢ $5.75 each for 46 through present (except for 57, 59-61, 63-67) 
” - OR - 

Deal #1: All available back issues for $100 

Deal #2: 6 or more issues (of 21 through present) for $4.00 each (sent bound printed matter). 


For U.S. ZIP codes only. See page 81 for international back issues. 


Check with your local library—through interlibrary loan you can get back issues. 
The Jackson County Library in Oregon and the Alfred Mann Library at Cornell University have all issues. 


Or, get the CD-ROMs—Solar2 (HP1—HP42), Solar3 (43-60), Solar4 (61-70), and Solar5 (71-76). 
Home Power, PO Box 520, Ashland, OR 97520 ¢ 800-707-6585 ¢ 541-512-0201 
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Q&A 


EAA 


Answers from Readers on Mod-Sine for UPS 

In Q&A, HP76, Jerry Lilyard asks about a UPS system 
that will run on modified sine wave input. | suggest that 
you run the imperfect output of your inverter into a 
power line conditioner to clean it up. Then you can run 
your computers, UPS system, or whatever else you 
want to off the line conditioner. You lose a few percent 
of your energy output, but it works fine. 


A power line conditioner accepts all sorts of nasty AC 
waveforms, and reconstructs them in better shape on 
its output side. | have used a 250 watt Acme Electric 
Electroguard True-Power PLC250 in this way to run my 
computers and electronic piano off modified sine wave 
inverters for many years. Other manufacturers and 
power ratings are available. | hope this helps. Joel 
Chinkes, Columbus, NM 


More Answers 

Dear Richard, Good afternoon! | saw in HP76 that 
someone wanted to know about which UPS systems 
can run with modified sine wave. Recently | obtained a 
Centralion 250 VA (China made), which works 100 
percent with my Trace 612SB and DR2412 now. And let 
me tell you, a few years ago we used a Tripplite 300 VA 
white case, and also did the job with an old Trace 
UX2424. 


| have bad UPS experience with the following brands: 
Exide, APC, Liebert, Deltec, and a few more. One 
brand that works OK with any kind of wave form is 
Toshiba, but they are extremely expensive. 


| would like to Know your opinion about the Dryfit 
Prevailer gel batteries. | am thinking about using them 
for my office backup system. Looking forward to 
hearing from you soon, and | thank you in advance. 
Best regards to you, Karen, and all the crew. Pedro 
Mejias, Santo Domingo, Republica Dominicana, W.|. 
pedro.mejias @ codetel.net.do 


Hola, Pedro. Thanks for the info on computer UPSs 
which will operate on modified sine wave inverters. I’ve 
no experience with the Prevailer gel cell batteries, but 
we recently tested the Concorde AGM sealed batteries 
and they work very well. Let me know how the 
Prevailers do. Richard Perez 


Half Right 

Dear Home Power, In Q&A, HP75, Erik Frye asks what 
the NEC requires for battery interconnects. Your answer 
was half right. 


All wires (interconnects and load) shall be #2/0 or larger 
if they are “inside a battery enclosure” (NEC 690-74) 
and all interconnects should be of the same gauge as 
load. (for example, if you need #4/0 from batteries to 
inverter, interconnects should be the same.) 


I’ve been a reader for many years and last year | 
installed the basic system and am buying more solar 
this year. My inspector worked with me very well. Solar 
works here. Mike Lee, Renton, Washington 


As with most code questions, the answers are not 
always simple. Joe Schwartz in HP75 was on the right 
track. Section 690-74 of the NEC “permits” the use of 
flexible Article 400 cables in battery boxes if they are 
#2/0 or larger. The word “permits” in the NEC indicates 
an option and not a requirement. In this case the word 
“permits” refers to the use of flexible cable to minimize 
the possibility that stiff (#2/0 and larger) cable might 
distort soft lead battery terminals. Stiff cables smaller 
than #2/0 will not overstress battery terminals. 


Joe was correct in his answer that in a single string of 
batteries, the inter-cell or inter-battery connectors 
should be sized the same as the main battery bank 
input and output conductors. In parallel strings, we 
frequently assume that the current divides equally 
between the strings. Unfortunately, as the batteries age 
and fail, the currents do not divide equally. The code 
has no specific requirements in this area, so it is up to 
the installer. For two strings, | usually use interconnects 
the same size as the main cables. For three or more 
strings, | go down one or two AWG sizes on the string 
conductors. 


The safest method would be to fuse each string at the 
ampacity of the string conductors. This is done in large 
commercial installations with battery strings operating 
over 48 volts nominal. In 48 volt and smaller battery 
banks, these internal string fuses are frequently not 
used, and we accept the fact that the string cables are 
not protected from faults within the battery bank. 


As far as the ampacity requirements of the main 
conductors, stay tuned for the details in HP79. John 
Wiles 


Really Small Wind Genny 

Dear Home Power, | use a pair of 9.6 volt R/C car 
batteries to operate my LGB, 6 scale locomotive for my 
garden railway. | thought it would be cool to recharge 
these batteries with a homemade wind generator. 


| have some very high quality Pitmon motors that when 
turned by hand, register on a meter. My question is, 
once the battery is full or partially full, how do you keep 
it from reversing into the generator/motor and running it 
like a fan? Could | use a diode network somehow to 
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make it only charge the battery? Terry Allen Palmore, 
Meadow Vista, California 


Hello Terry, You can simply use a single diode in one of 
the wires between the motor and the battery. We 
normally choose the positive (plus) wire. The marked 
end of the diode connects to battery positive and the 
other end of the diode connects to the positive motor 
terminal. The voltage (electromotive force or EMF) from 
the motor will depend on the speed. At low speed, the 
EMF is less than battery voltage. Without the diode it 
would take current from the battery. When the speed is 
higher, the motor will produce more voltage than the 
battery and the current will flow the other way. The 
diode ensures that the current can only flow one way— 
the right way. You will lose some voltage in the diode 
itself (almost 1 volt), but it’s worth it. 


Any motor can be used as a generator, but the problem 
is to run it fast enough. It has to run faster to generate 
than it runs as a motor. If it only runs slowly, there will 
not be enough EMF to overcome the battery voltage, 
and you will get no current. Cheers, Hugh Piggott, 
Scoraig Wind Electric, hugh.piggott @ enterprise.net 


Terry, The diode should be rated at least five times the 
working voltage of the generator and two times the 
current. Install it between the generator and battery 
bank. A volt meter and ammeter on the genny side of 
the diode will tell you what’s happening (charging rate). 
Mick Sagrillo, Sagrillo Power & Light 


500 Amp Recharging 

Dear Sir, After reading your book about electric- 
powered vehicles, | am very interested in 

fast battery recharge. | read that you fast 
charged some batteries for a competition, 


Q&A 


sealed batteries were used and they seemed to last 
twenty years or more on their own. It was for that 
reason that | purchased used gel cells for my backup 
home lighting system. 


2. Assuming the answer to question 1 is “yes,” can the 
circuit described in the article be modified to handle a 
bank of gel-cell batteries? In my own case, | have a 12 
volt system consisting of eight 80 amp-hour batteries in 
parallel. Thank you, John D. Betz, Rising Sun, MD 


Hello John. The electronic desulfator is of immense 
value to sealed lead-acid cells. Since these cells are 
sealed, it is not possible to give them a standard 
equalizing charge because they would gas, vent, and 
dry out. The only way to keep sulfation at bay is with 
proper recharging and the electronic desulfator. We 
have successfully rejuvenated many sealed lead-acid 
batteries using electronic desulfators. They work just as 
well on sealed cells as they do on flooded cells. 


The circuit published in HP77 will work on your battery 
unmodified. No changes necessary. The desulfator 
circuit is not specific to sealed or vented cells, it will 
work on either. Richard Perez 


If you're 
not reading 


Home Power 
you’re still 
in the dark. 


applying 500 amps of current from another 


pack of batteries. Is fast charging bad for 
the batteries? Can battery life be reduced 
with such a method? Thank you, Joao 
Ferraz 


Hello Joao, Fast charging like this is very 
hard on batteries, but this is a race 
situation. It will radically reduce battery life, 
but racers don’t care about this. They just 
want to win. Richard Perez 


Gel-Cell Battery Desulfator 

Gentlemen: | read with great interest 
Alastair Couper’s article (HP77, page 84) 
on making a lead-acid battery desulfator. 
Two questions came to mind relative to my 
own case. 


1. Is a desulfator of any value for gel-cell 
lead-acid batteries? | was for many years 
in a testing organization where small 


WE WROTE THE BOOK ON 
ELECTRIC CAR CONVERSIONS 


CONVERT IT How-To Manual 
by Michael Brown with Shari Prange 


Expanded & Updated 3rd Edition 
$30.00 tax & postage included 


“We built Mr. Brown’s car, 
and we won.” Bruce Burk, 
St. Johnsbury Academy, 
1991 American Tour de Sol 
Open Class Winner. 


— | ELECTRO AUTOMOTIVE 
ia POB 1113-HP, FELTON, CA 95018 
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Lake Superior Renewable Energy 


The Monolithic “Dome A.D. & P.C. Jasmin, Proprietors — A. Durst, Associate 


is a super-strong, insulated, concrete building 
that is energy efficient and impervious to 


disaster. Monolithic” Domes are used for aa = = Wind Generators © Towers ¢ Batteries 

homes, offiges, schools, shops, churches, = Charge Controllers ¢ Inverters ¢ Backup Generators 
storages, gymnasiums, cabins, and more. a a . B h Site Eval . 

For 20 years, the Monolithic” Dome is , attery Chargers ¢ Site Evaluation 


tomorrow's building available today. Complete Systems Troubleshooting and Repair Service 


Galr1 (800) 608-000 1 tor a FREE COLOR brochure ot send Surplus Military & Computer Grade Electronics 
9.95 plus $5 shipping for our 60 minute information video. 


PO Box 479-HP « Italy, TX 76651 * www.monolithicdome.com 


You can also build your 
own Monolithic’ Dome. 


We also do: Custom Computer Building / Upgrading / Networking 
Custom and Classic Motorcycle Electrical System Rewiring 


819 Maple Grove Rd., Duluth, MN 55811 
(218) 722-6749 


e-mail: slakjaw@aol.com ¢ web: http://members.tripod.com/~+LSRE 


Fony Enterprises 


Offering affordable custom services 
to small businesses for single projects 
or recurring needs. 


Design & Production Services Include: 
Mechanical Design 
CAD Drafting 
Machining & Prototyping 
DC Wiring 
Short Run Assembly & Production 


VRS 
f 


XK The natural ingredients of 
our soaps and bodycare products 
derive their energy from the Sun, as 
do our home and business. 
Discover the many items for home 
and personal care in our catalog: 

Simmons Handcrafts. 
42295 Hwy 36, Bridgeville, CA 95526 


Documentation & Marketing Services Include: 
° Technical Writing 
© Article Writing 
© Web Site Design & Maintenance 


We provide “a little extra horsepower” 
to take your project to completion. 


Pony Enterprises 
POB 1113, Felton, CA 95018 
phone: 831-429-1994 ¢ email: electro@cruzio.com 
web site: www.cruzio.com/~ponyent/ 


Adopt a Library! 


When Karen and | were living with kerosene lamps, we went to our local 


RY . public library to find out if there was a better way to light up our nights. 
¥ Ss We found nothing about small scale renewable energy. 
av if = One of the first things we did when we started publishing this magazine 


ll tity 


twelve years ago was to give a subscription to our local public library. 


You may want to do the same for your local public library.We'll split the 
cost (50/50) of the sub with you if you do.You pay $11.25 and Home 
Power will pay the rest. If your public library is outside of the USA, then 
we'll split the sub to your location so call for rates. 


Please check with your public library before sending them a sub. Some 
rural libraries may not have space, so check with your librarian before 
adopting your local public library. Sorry, but libraries which restrict access 
are not eligible for this Adopt a Library deal—the library must give free 
public access. — Richard Perez 
To Adopt a Library write or call 
Home Power® 
PO Box 520, Ashland, OR 97520 USA 
1-800-707-6585 or 541-512-0201 or FAX 541-512-0343 
hp@homepower.com * www.homepower.com 
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Rates: 10¢ per CHARACTER, including spaces and punctuation. 
$15 minimum per insertion. Please send a check with your ad. 
Your cancelled check is your receipt. Call 800-707-6585, or email: 
advertising @ homepower.com 

Help us prevent fraud! Home Power MicroAds from individuals must 
supply serial number(s) for equipment being sold. Businesses must 
supply a published phone number(s) and a physical address. If at all 
possible, please pay for your ad via personal or business check, or 
credit card. 

While Home Power is doing everything we can to prevent fraud, we 
can assume no responsibility for items being sold. 


PURE CASTILE & VEGETARIAN SOAPS. Handmade in an 
AE environment. We also have hard to find natural bath & 
body care products. FREE catalog: SIMMONS 
HANDCRAFTS 42295 AE, Hwy 36, Bridgeville, CA 95526 


HYDROELECTRIC SYSTEMS: Pelton and Crossflow 
designs, either complete turbines or complete systems. 
Assistance in site evaluation and equipment selection. Sizes 
from 100 watts to 5 megawatts. Manufacturing home and 
commercial size turbines since 1976. Send for a free 
brochure. Canyon Industries Inc., P.O. Box 574 HP, Deming, 
WA 98244, 360-592-5552. 


XXXXXXXXX USED SOLAR MODULES XXXXXXXXX 
XXXXXXXXXXXXX 64 Watts $319 XXXXXXXXXXXXX 
Used MSX60s $295, BZ 8 amp pwm controller $49, Ex 2KW 
inverter SB, 110 amp charger New $850, 3000+ watt 
resistors $35, new 75 Watt modules $375. Buy, sell 
New/Used, Trace, NiCds. refrigerator. Try to match anyone’s 
prices. Call or send S.A.S.E. to Craig Eversole, 10192 
Choiceana, Hesperia CA 92345 for free flyer. M/C VISA 
Discover 760-949-0505 


The big-box Solar Mart may talk a good game from behind 
the order desk, but are they actually out there doin’ it? 
VERMONT SOLAR ENGINEERING takes pride in being a 
reality-based dealer/designer/installer. We know the products 
because we work with them every day—PV, hydro, wind & 
domestic hot water, from components to complete systems. 
So reject the romantic salesspeak offered by the volume 
dealers and give us a call. Thanks! 800-286-1252, 802-863- 
1202, 863-7908(fax). PO Box 697, Burlington, VT 05402. Our 
Website contains our installation portfolio and attractive sale 
pricing—www.vtsolar.com-Visa/MC 


| AM A SOLAR WHOLESALER looking for retailers to carry 
my solar electronic and hobby goods. Phone # (916) 486- 
4373. Please leave message. 


START YOUR OWN TECHNICAL VENTURE! Don 
Lancaster’s newly updated INCREDIBLE SECRET MONEY 
MACHINE II tells how. We now have autographed copies of 
the Guru’s underground classic for $18.50, Synergetics 
Press, Box 809-HP, Thatcher, AZ 85552. (520) 428-4073, 
VISA/MC. 


MicroAds 


RADIO/TELEPHONES FOR Remote Home or Business: 
Commercial quality, up to 20+ mi, Best Prices. (208-263- 
9755 PST) Send $1 cash: KRES, Box 215-HP, Kootenai, ID 
83840 


VERY LOW PRICES Solar Electric & Thermal Equip. Panels- 
Inverters, Charge regulators, wind generators-pumps- 
controls Please Call (888) 817-1737 or write to 6 Cresta Cir. 
#7, San Rafael, CA 94903 


INTERESTED IN INTENTIONAL COMMUNITY? 
Communities magazine offers complete, updated listings of 
intentional communities not found in the Communities 
Directory. Practical information about forming/joining 
community—alternative buildings & structures; getting off the 
grid, legal, financial, & land options. Plus Eco-villages, 
Cohousing, decision-making, conflict resolution, successful 
communities, children in community, research findings on 
community living. Quarterly. $18/yr, $5/sample. 138-HP Twin 
Oaks Rd, Louisa, VA 23093. (540) 894-5798. 


YOUR ALASKAN SOLAR EXPERTS! Complete source for 
Alaskan alternative power. ABS Alaskan, 2130 Van Horn 
Road. Fairbanks, AK 99701 907/452-2002, AK 800/478-7145 


EARTH-SHELTERED HOMES This definitive manual by 
noted authority Loren Impson features detailed building 
instructions for the amazingly affordable and practical Ferro- 
Cement Dome Home. Only $15 from Sun Life, 71 Holistic 
Hollow, Mount Ida AR 71957 www.sun4life.com 


OVER 23 YEARS IN SOLAR Business. Talmage Solar 
Engineering, Inc. has served customers from the islands off 
the coast of Maine to Honduras. We take time to figure out 
the exact needs of each customer, design and engineer 
systems that will work and give the best possible price on 
equipment. Give us a chance to show that our experience 
will help you build a solar power system that will work. We 
are always here to give backup support. 18 Stone Rd. 
Kennebunkport, ME 04046 207-967-5945 E-mail 

tse @talmagesolar.com website www.talmagesolar.com 


FOR SALE: Photocopied reprints of Home Power issues 
1-10 available. All proceeds will be donated to IRENEW. Call 
815-469-5334 or email Jeff_Green@msn.com. Sold only in 
sets of 1 thru 10 for US$30 which includes shipping in most 
cases. 


BATTERIES: TROJAN L-16 & Hup Solar-One. High quality, 
low prices, delivered anywhere. MAPLE STATE BATTERY 
(802)467-3662 Jesus said “I am the way, the truth, and the 
life...” John 14:6 


STEAM ENGINE KIT, all materials with machining drawings 
or fully assembled. Power small boat, generator, or 
machinery. Information; $1.00 stamp to Pearl Engine Co, 
RR1 Box 45H Sutton VT 05867 * 802-467-3205 
http://nomepages.together.net/~pearleng 
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MicroAds 


1982 JACOBS 10-21 10KW Wind dynamo for sale with 100’ 
Rohn SSV tower. In NH. 603-652-9559 eve, 603-868-2270 
(W), scp @worldpath.net 


EDTA RESTORES SULFATED Batteries. EDTA tetrasodium 
salt, info, catalog, $12/lb plus $3.50 ship & handle. Trailhead 
Supply 325 E. 1165 N. Orem, UT 84057, (801) 225-3931 or 
(801) 226-6630 email: trailheadsupply @ webtv.net 
http://www.webspawner.com/users/trailheadsupply 


WANTED: The Midwest Renewable Energy Association is in 
need of two wind generator towers. We'd like Rohn SSV 
towers, one at 90’ to 100’, and the other at 110’ to 120’. 
Donations always accepted. Please call Mick at 920-837- 
7523 or Katy at 715-592-6595. 


VERMONT PV DEALER. David Palumbo/Independent Power 
& Light has been installing off-grid systems, and helping do- 
it-yourselfers (who buy their equipment from him) with free 
professional design advice for over 10 yrs. Trojan and 
Surrette batteries. FREE with battery purchase IP&L deep 
cycle battery instructions. Trace, Solarex, Siemens, and BP 
at fair prices. Large supply of wire and cable. Beware of “fast 
buck artist,” slick talking, “lowest price anywhere” mail order 
companies who don’t take the time to find out what you really 
need and can’t spend the time on personal support and 
service. Buy from an honest dealer who knows the products 
and cares about your success in using them. David’s 
installations are innovative, simple to live with, and 
successful. And our long following of do-it-yourself customers 
always come back for more because they can rely on getting 
straight talk, no BS, and the best service possible. “David is 
one of the original RE pioneers... he knows how to really 
squeeze all the energy out of a KWH!” Richard Perez 
(HP60). | P & L, 462 Solar Way Drive, Hyde Park, Vermont 
05655. Call David Palumbo 802-888-7194. Email: 
indeppower @ aol.com. Web site: INDEPENDENT- 
POWER.COM. No catalog requests please. Please call for 
appointment before visiting. 


COMPUTER NERD WANTED: Work/study trade opportunity, 
6-12 months “Hands-On” workshop attendance in exchange 
for “net savvy” multi-media skills in IBM PC environment. 
Solar Energy International, 970-963-8855 
sei@solarenergy.org (For SEI info see HP ad) 


INTERNS WANTED at SOLAR ENERGY INTERNATIONAL! 
Work/study trade opportunities, 6-12 months “Hands-On” 
workshop attendance in exchange for multi-faceted office 
work, beginning ASAP. SEI, Carbondale, CO. 
sei@solarenergy.org * (970) 963-8855 (For SEI info see HP 
ad) 


PROPERTY CARETAKERS/Housesitters enjoy rentfree 
living, worldwide 700+ opportunities available! The 
Caretakers Gazette (480) 488-1970. www.caretaker.org 


AE DEALERS LIVING WITH systems they sell. Experienced 
design, supply & installation PV, Wind & Heating. SASK 
Solar Box 444 Air Ronge, SOJ 3GO Canada Ph/Fax 306-425- 
3930 


$$$$$$$$$$$$$$$$$$$$$$ Trace SW 4024 $2,199 
$$$$$$$$$$S$S$S$S$S$S$S$S$S$S$S$S$ PS 2524 & 2512 $1,499, DR 
3624 $1,089, DR 2424 & 2412 $899, DR 1512 $699, 
www.NationalDiscountSolar.com 877-222-4990 (toll free) 


QUIRKS WIND GEN, 2kW, 3kW in 30mph, 110VDC 10’8” dia 
prop, complete, 10ft. tower, control pnl, inst.manual, 
drawings, as-new cond.,in orig. crates. Rugged heavy-duty 
unit good for heating and lights. $2500 David 801-768- 
8597,801-569-6630,801-599-2944. 


NEW MEXICO HOMESTEAD SITES Private. Legal. Tillable 
farm soil. Pure abundant water 200ft. Quiet. Minimal 
restrictions. Prime Solar/Wind. Roads in. Deming 15 miles. 
Easy RV access. Build adobe, straw bale, papercrete etc. 
$600 & up. Believe it (505) 536-3813 dennis @ gilanet.com 


SOLAR ELECTRIC Business for sale Owner illness requires 
sale of non region specific solar electric business Could be 
run from anywhere Details Box 587 Roundup, MT 59072 


$$$$$$$$$$$$$$$$$$$$$$$$$$ Air 403 $455 
SHS$SSHSHSSSS$HSSSSS$S$S$S$H$$HSH PC 500 $1299, C40 $143, 
PP-SW4024/S $3,299, PP-SW4024/D $5999, DC250 $229, 
www.NationalDiscountSolar.com 877-222-4990 (toll free) 


TWO JACOB 17.5 KWH wind generators on 120’ self 
standing towers, with inverters 12K each or both for 20K Call 
715-682-9240 


FOR SALE TRACE SW4024 inverter new in box never 
opened S/N w12044L + DC250 Disconnect box + SW 
conduit box all new $2500.00 + shipping call Ohio 419 289- 
3258 


HOW TO SAVE HUNDREDS on your solar electric 
installation. Send $5.00 for info. Charles Lee, 425 Wells Av. 
N., Renton, WA 98055 425-204-8812 


MINI-MICRO HYDRO ELECTRIC $599.00 12 or 24 volts, 
max. output 700 watts/da. As seen in HP9, Western Hydro, 
P.O. Box 728, Nevada City, CA 95959 Ph. 530-272-8485 


55 KW GEN-SET Koher fast response continuous standby 
generator. Set on skids, 55 KW, 225 amp, 3 phase with 
automatic transfer switch. 303 hours was hospital standby 
generator. Excellent condition. ph: 719-836-0460 


S$SSSSSSSSSSSS$S$$HSS$$ Photowatt 100 watt $369 
S$SS$SS$SSS$SS$SS$S$$$S$S$ BP 75 watt $345, Siemens SP75 
$359, SR100 $489, BP 85 watt $419, US-64 $299, Surrette 
L16 $199. www.NationalDiscountSolar.com 877-222-4990 
(toll free) 


ELECTRIC POWER YOUR BICYCLE. Henthorn 
Regenerative Electric Auto. Simple Homemade Hydrogen. 
Plans catalog $1. DWFrench, POB 2010(AEHP), Sparks, NV 
89432 


MIL. SPEC. POWER SUPPLY PP-110 AC/G New in box 
w/Dept. Army Tec. manual charger/regulator Mil. cost $4000. 
Sell $650. 760-471-4618, San Mateo, CA 
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MicroAds 


NORTH IDAHO—Have several alternative energy, log and 
remote homes available in the beautiful north Idaho area. 
Contact Maiden Rock Real Estate in Sandpoint for more info 
1-877-428-7370 or maidenrock.com-EHO 


DC GENERATORS gasoline, propane, diesel. Custom built 
to your needs. Alternative Power & Machine, 4040 Highland 
Ave., Grants Pass, OR 97526, 541-476-8916 E mail: 
altpower @grantspass.com 


12 VOLT WIND GENERATOR Introductory Price $349. 
Square D breaker disconnects AC-DC 60A 2pole, outdoor 
$14.50, int.$8.00 LMT’D Qty. blocking diodes 0.23 V.drop 6- 
8Amp $11.95, 16A $19.95 (425)204-8812 425 Wells Av. N. 
Renton WA 98055 


ONLY 30 MINUTES FROM THE PLAZA IN SANTA FE, NM! 
Live off the grid on your own 40 acres with spectacular, 360 
degree views of three mountain ranges. This 7 year old 
house has been recently remodeled and is in mint condition. 
Features include: three bedrooms, two baths, 2150 square 
feet, accented with slate/hardwood floors. Custom railings, 
skylights, vigas, and beams round out this Santa Fe style 
home. It is a wind and solar powered home with the finest 
components money can buy. There is a good well with a 
1600 gallon storage tank. This is truly a spectacular property 
that is private yet 3 miles from route 14. For more 
information, specs, and price please contact: Steve Rizika 
Santa Fe Properties 1-800-374-2931 or srizika@ aol.com 


4Kw WHIRLWIND wind generator, 1980, Never used, 110v, 
AC, $1800, (231) 932-0744 


BUILD YOUR OWN FERRO-Cement Water Tank. $14. 
Precious Mountain, 601 Mitoma Way, Cazadero, CA 95421. 
www.preciousmountain.com 


SEATTLE—AREA: Off-grid solar cedar home on 31 acres, 
privacy and mountain views. Visit at 
www.halcyon.com/alancrab/re.htm (alancrab @ halcyon.com) 
or POB 314, Arlington, WA 98223 


BAY AREA SOLAR ELECTRIC. Turn your meter backwards! 
California rebates still available. We install grid-tied PV 
systems that reduce your monthly utility bill and give you 
backup during outages. Acme Electric, Berkeley. (510) 644- 
2367 


CHINESE DIESEL GENERATORS. 10KW 115/230 volt, 60 
Hz@1800 RPM, Water cooled, electric start, Old style heavy, 
brush alternators, 3 hours per gallon, average home use. 
Tool kit, overhaul parts, $3095.00 + freight. Other sizes 
available. Voice 315-628-0601, Fax 315-628-5797, Email 
ellison @ gisco.net 


FOR SALE: COMPLETE, ONE YEAR OLD, CABIN SIZED 
24 Volt Photovoltaic Solar/Wind Power System With 1,100 
Amp Hour Battery Bank $4,950. Northwestern Minnesota. 
SOLAR PANELS - Eight Uni-Solar Solar Electric Modules 
US-64, 64 watts each; WIND GENERATOR - Southwest 
Windpower Air 403, micro wind generator, 24 volt, with built 
in charge controller; INVERTER/CHARGER - Trace 3624, 
3600 amp, 24 volt charger/inverter; POWER MODULE Trace 
integrated power module box to contain inverter, Trace C40 
solar charge controller, AC and DC disconnects, and wiring 
among them; BATTERY BANK - Twenty 6 volt/220 amp 
Dunlop golf cart/floor scrubber antimony lead batteries wired 
to 24 volt, 1,100 amp hour total storage; POWER METER - 
Trimetric amp hour meter; MISC. All manuals, wiring 
diagrams, two Zomeworks ground/rooftop mounts, holding 
four solar panels each, and pipe mounts for ground use; 125’ 
cable for solar; 175’ cable for wind generator, 10’ schedule 40 
pipe tower for wind generator; vertical battery box, totaling a 
complete system. Call or email: Snyder Gokey, 
sgokey @ vogellaw.com, Work (701) 237-6983, Home (701) 
241-9997, Cabin (218) 847-0940. System currently located 
near Detroit Lakes, Minnesota. 


OVERSTOCKED. TRACE 500 watt Tiger series inverters 
with and without battery chargers. Prices too low to print, 
limited supply. Call Mountain Energy (530)623-3586 email 
mtenergy @ snowcrest.net 


THE COMPLETE HYDRAULIC RAM MANUAL by writer Tom 
Moates is now available. Build your own ram for around 
$150—Many sections including troubleshooting and site 
analysis. $14.95 + $1.90 to The Homestead Press, P.O. Box 
440, Floyd, Virginia 24091 www.yin-yang.com/rampumps 


NEVER USED! SOLAR CONTROL Ctr w/Two Trace SW 
5048 Inverters E-Meter w/ RS-232 Data Output Enermaxer 
48V 60 Amp Trace DC Disconnect/Overcurrent Module Two 
240 V Load Cirs (from Generator & from Inv.) Solar Array 
48V Disconnect 230 V AC Utility Supply Disconnect Pre- 
wired on 3/4” plywood. Selling for $6,500 + ship 509-493- 
8612, mccune @gorge.net 


THE PERFECT COMBINATION. Located only 12 miles from 
picturesque Durango, Colorado; this solar electric home is 
nestled on 4.5 treed acres with awesome views of the La 
Plata Mountains. All electricity is supplied by a set of 
photovoltaic panels that feed a dual 12/24 charger-inverter 
system backed up by conventional electric utilities. This quiet 
setting is located at the end of a year around maintained 
road and is adjacent to a 320-acre ranch. The 1723 SF, 3 
bedroom 2 bath home is well positioned on the property and 
emphasizes energy conservation with Duette window 
treatments and upgraded efficient appliances. Priced right at 
$249,900. Contact Bill Griffin @ Coldwell Banker 970-259- 
3333 or e-mail billgriffin@ frontier.net. To view photos see 
http:/Awww.rmi.net/~ralph/ 
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SUSTAINABLE ENERGY 


Solar Electric Generators 
Wind Powered Generators 
solar Water Heaters 

solar Pool Heaters 


Quality Products On-Line Catalog 
Superb Customer Service On-Line Ordering 
Competent Tech Support Huge Inventory 


Solar Supplier for over 20 years Same Day Shipping AW orders 


OU SOLAR DEPOT 


SOLAR DEPOT 

“SAN RAFAEL 

61 PAUL DR. 

SAN RAFAEL, CA 94903 
415.499.1333 

FAX 41 5 499.031 6 

Order L:ine 800.822.4041 
-statf@solardepot.com 


‘SOLAR DEPOT 
SACRAMENT oO 

B605 FOLSOM BLVD 
SACRAMENT! O, CA 95826 
916.381.0235 

FAX 916.381. 2603 

Order Line 800.321.0101 
‘solrdpo@calweb.com 


Our packaged systems are well thought out and time-tested 


Easy to setup, code compliant & complete with everything you need for functional systems 


miortnd Dieteane We Offer Owner-Builder Discounts 

DYNASTY Performance and Reliability at Great Prices 

re Referral to the Solectrogen Dealer-Installer in your area (call us) 
Trece Dealer Inquiries Welcome. Free Catalogs to Dealers 


EMCsSINEE RIM 


Authorized Distributor 


Call Us Today 800-822-4041 


Multicrystal-silicon solar cell 


KYOCERA SOLAR, INC. 


Because ENERGY is essential 


and LIFE Is precious. 


a SF. 


Wildlife. All life. Every solar cell we put into circulation today helps reduce carbon-dioxide 
emissions and perhaps the effects of global warming. Such issues never made the news 
when Kyocera began developing solar energy technology in 1975. Today, we are among 
the world leaders in multicrystal-silicon solar-cell production. Our mission is to make the 
sun a practical energy source for people everywhere. And won't that make life a little 


? e 
better for everyone on the planet? Doing what others dare not. 


(800) 544-6466 www.kyocerasolar.com KYOCERd 


KYOCERA SOLAR, INC. 


Home Power Subscription 


$22.50 per year (6 issues) to U.S. Zip Codes via 2" Class U.S. Mail 

$36.00 per year (6 issues) to U.S. Zip Codes via 1*' Class U.S. Mail 

$30.00 (U.S. drawn on U.S. Bank) International Surface Mail, see pg. 81 for Air Rates 
Home Power magazine, PO Box 520, Ashland, OR 97520 

Subscribe online at: www.homepower.com 

Subscriptions: 800-707-6585 (inside USA) or 541-512-0201 or Fax 541-512-0343 
Editorial and Advertising: 530-475-3179 or Fax 530-475-0836 


To subscribe to Home Power, please fill out the sub form below, enclose payment as a check, money order, or 
Visa/MasterCard, and mail this form. Tape the form well or use an envelope so your check doesn't fall out. Your sub or 
renewal will start with HP’s next regularly scheduled issue. Please allow up to ten weeks for the start of your 2nd class sub. 
For those wishing International Subscriptions or Back Issues of Home Power, please see page 81. 


New 2nd Class Sub-$22.50 New 1st Class Sub-$36 Sub Renewal Change of Address 
to USA Zip Codes to USA Zip Codes Specify 1st or 2nd Class (include old address) 
Gift Subscription 

From (give your name and address here) 


DO YOU WANT US TO SEND YOU A SUBSCRIPTION RENEWAL NOTICE? 
The number of the last issue in your subscription is printed on your mailing label. 


_] Yes, remind me by mail when my subscription runs out. ‘J No, I'll check my mailing label so we can save energy & paper. 
PLEASE CLEARLY PRINT THE COMPLETE NAME AND ADDRESS FOR THIS SUBSCRIPTION: 


NAME 


STREET 
CITY STATE ZIP 
PHONE EMAIL 
“on Credit Card Orders: please check the type of card you have and fill in the information below. 


~ Signature (as shown on card) Exp. Date 


| eS o Credit Card Number Amount $ 


The following information about your renewable energy usage helps us produce a magazine to better serve your interests. 
This information will be held confidential. We do not sell our mailing list. Completion of the rest of this form is not necessary to 
receive a subscription, but we would greatly appreciate your input. 


NOW: | use renewable In The FUTURE: | planto RESOURCES: My site(s) The GRID: (check all that 
energy for (check ones use renewable energy for have the following apply) 
that best describe your (check ones that best renewable energy | have the utility grid at 
situation) describe your situation) resources : 
(check all that apply) rnyplecauon: 
All electricity J All electricity | pay ¢ for grid 
\_} Most electricity '_J Most electricity I Solar power electricity (cents per 
'_J Some electricity '_I Some electricity | Wind power kilowatt-hour). 
\_] Backup electricity \_J Backup electricity I Hydro power ae of my total : 
'_] Recreational electricity \_] Recreational electricity _! Biomass siahiy . ‘iia Beoe 
(RVs, boats, camping) (RVs, boats, camping) |] Geothermal power Vi ca an 
'_] Vacation or second \_] Vacation or second \_J Tidal power ee i 
oe ie electricity to the grid. 
home electricity home electricity (_} Other renewable ; 
; . The grid pays me ¢ 
I Transportation power J Transportation power energy resource ons 
: : ; ‘ d for electricity (cents 
(electric vehicles) (electric vehicles) (explain) : 
per kilowatt-hour). 
_] Water heating _] Water heating 
\_] Space heating \_} Space heating 
\_] Business electricity \_] Business electricity (continued on reverse) 
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I now use, or plan to use in the future, the following renewable energy equipment (check all that apply): 


NOW 


a ee ee ee ee ee 


-=FOLD HERE AND TAPE EDGES ''= 


Please write to us here. Tell us what you like and don't like about Home Power. Tell us what you would like to read about in 


FUTURE 


a ee oe ee ee eee 


NOW FUTURE 


Photovoltaic modules 
Wind generator 
Hydroelectric generator 
Battery charger 
Instrumentation 
Batteries 

Inverter 

Controls 

PV tracker 


a es ee oe ee ee 


Engine/generator 


future issues. Thanks for your attention and support. 
Check here (I if it is OK to print your comments as a letter to Home Power. 


Return Address 
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Home Power magazine 


Post Office Box 520 
Ashland, OR 97520 


J 


a ee ee 


Methane digester 
Thermoelectric generator 
Solar oven or cooker 

Solar water heater 
Wood-fired water heater 
Solar space heating system 
Hydrogen cells (electrolyzers) 
Fuel cells 

RE-powered water pump 


Electric vehicle 


